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Phone: STerling 3-4100 

INDEPENDENT TRACKING COORDINATION PROGRAM 
844 Connecticut Awnw 

Washington 6, D. C. 

October 20, 1866 

Dr, John To Molmay, A c t i n g  Director 
Office of Grants and Research Contracts 
Office of Space Science and Applications 
Na.tional AePsailautics anC! Space Adminisfralion 
Reporters Building 
Wash5ngtorar DOC 20546 

Dear Dr, Hallaway: 

Oar last regular report was aforwsrded $0 you under 
dzto of July 18, 1865, covering the period 1 April to 
SO June. 1966, 

Enclosed please f i n d  Suiilnary and Report or” Activities 
for t12e t h i r d  quarter period 0 I duly to 30 September, 1966, 
A complete set of  Exhibits will be made available shortly and 
forwarded separately to the O f f i c e  of &ants  and Research * Contracts 0 

J 

A f ibancia1  statement in the prescribed W A  Fnrn 1030- 
1031 for t h e  sane period is going forward by separate mail? 

Program Dkectas  

Society of Photographic Scientists and Engineers 



A, During the period, a nu&z of observations have been 
received from independent tracking sources overseas 
and forwarded t o  Goddard Space Flight Cenlcer, (See 
I F I T  A fo#omplets Zht ing  of 2314 obsexvations 
86 satelyites, 
preceding period but dld not reach X?XP until tbls 
period, 

Some of these sighting3 covered the 

Bo During the period, 2,528 conplete sets of current geax 
ratio elements derived by NASA's Goddard space F l i g h t  
Center fron! KCRAD C a t a  were included in I"cP bixeekly 
ai,rmail orbital element announcementso See EXHIBIT B 
for an itemized l i s t i n g  per satellite, Copies of ea& 
biweekly announcement nailed axe submitted as EXHIBITS - c ,  9s El9 - I  F, G and - H e  

C ,  During the period-psit3onal  elements in the fosm of 
gear raOio element sets dekived by indepent3en.t observers 
weie included i n  the airlaail announcements on the 
aatel2ikes listed in Section 8 (ExkLbit F ins5de back 
page) These eleiEents were received froa%rofessor BrmZn 
Baier, Vienna, Austria, 

e 
11, Form for Calculat.inq C r M t  Approach Times ,  A gzeat deal  of 
unnecessary computational effort in imlcing Xocat satellits gredic- 
tions can be avoided by preparhg in advance a schedule of the 
orbit approach times 05 selected satellites at the observer's Lati- 
tude, as described ia ih'rCP Bul l e t in  of Mwch 25, 1966, As an aid in 
preparing such a schedule, a new form, fTCP 5-66, has been developed 
during the period as an z5d in preparing such schedules. 
f X P  5-66 fE)MXBLT 1) is used in calculating vs lues  for enlxy in 

l a t i t u d e  and orbital e lenenls  as input, 
t he  b e n e f i t  of observers who do not have access to desk caLculakazs 
and who nay not be familiar w i t h  oyerations involving negative, as o.qZl 
as p o s i t i v e ,  numbss,  It p ~ ~ v i d o ~  explicit conversion from mixed num= 
bers to indexed numerators Lo facil itate slide-rule C a l C U h i t i o ~ .  h 
%Ii?Led-in exnm;l>le of Itros Fora 5-66 is used in prepajclng a schedule o f  
orbit approach t i ~ e s  of %i% satellites for a skpcific observer 
l a t i t u d e  is given in Appendix A to STCP Bulletin of Septerrber 29, 

F o r m  

the Orbit & p x m ~ h  &Mdule, us ing  the &sezverYS W~CtXitriC CO- 
STCP 5-66 5s designed for 

2960 (EXiilSIT (See item IV, belo%?), a 
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XIZ- Schedule of L-oc,al Culmina.t:imo 
scheduling the circumstances of local cuImination was developed, 
I'XP F a r m  6-66 fBXHIBXT K) is a160 designed f o x  the b e n e f i t  of ob- 
servers who da not have &cess t o  desk calculators and who may not 
be fanilfar with the operations involvhg negative as we21 as ps i -  
t i v e  nunbers, 
to irx3exed numenatoas to facilitate slfde-rule calculation, The 
schedule is designed for use w i t h  map cocxrdinates for the station 
and satellite data in $he form in which they appeax in ITCP biweekly 
airmall orbital elernent announceimntso (See i t e m  IB above.) 

During the p@riodp a form for 

Zt also pravides explicit conversion from mixed numbelrs 

Form I'pcp 6-66 is designed for use w i t h  methods described i n  
ITCP Bulletin on eaphic Predictims of Local Culminations [ f X P  
BulXetin, September 29, 1966); See i t e m  3 3  belaw, 

W e  BulZetin on Graphic Prediction of Loca l  Culminations, The TTCP 
B u l l e t i n  of September 29, 1966 (E)[HIBI'S I) gives a step-by-step 
illustrated explanation CCE graphic methois fur predicting the ciz- 
cumstances of local cuZnination, using XTCP Form 6-66 and the follow- 
ing  graphic aids: 

A Ratfonalfzed Meridional Slereowaphic Projection of the 
HePobphers (fTCP 532) ; 

A RationaBized Zenith Distance and S l a n t  Range Finder; 

A Chart  for- De^Lerrn%oing True Anomaly from Mean AncmaLy [XKP 
2-66);  

A C h a r t  for Deterniniag Radius Vector from Mean AnoriaZy (XTCF' 
346); and 

*-- -*=-hGe erndict ion assumes map caordinates for --- - 
* A l l C  t U 6 5 - b ~ ~ ~  6"- =--- 

the station and gsax ratio elements for the satellite as inpuz, F n s m  
these data, the follQwing circumstances are determined: 

(2) The t i m e  09 local culninatfon (to the nearest minute); 

(2) 

(3) 

(4) Slant  range (to the nearest 10 hem,), 

Azimth (to the  nearest degree of arc); 

Elevation (to "te nearest degree of arc); 
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Radio obsexvers should consider the t i m e  of local culmination to be 
idei;ticaZ to the t i m e  of doppler i n f l e c t i o n  when the apparent satel- 
1Site frequency is equal to the transmitted frequency, 
require no further calculations on dorm ITCP 6 ~ 6 6 ~  

w e  fconto) 

Radio observers 

For "Le benef i t  of optical obsesvers, the following additional 
infoxmatiaa is determined by graphic meahs: 

( 5 )  Sky bxightness (begore or after astronomical twilight); 

. ( 6 )  Satellite illunination (in or out of earth's shadow); 

( 7 )  Brightness gain due to slant range; 

[a) Brigh2ness gain due to phase angle; 

(9) Brightness gain due to zenith distance;  

(10)  Apparenl; brightness; and 

(11) Photovisual masnitude. 

For *he benefit '  0% those who wish to plot the predicted position 
and motion of the satellite at the tine of local culmination on a star 

a 
chart the method provides for determining the folZowing a d d i t i o n a l  data: 

(12) Apparent right ascension [to the nearest hour and enainiu+e); 

(13) Apparent- declinatioa ( t o  the nearest  degree of arc); and 
_ _ -  - 

(14) Appaient d irect ion of notioa (to the nearest 100th of a tura; ; 

V, B u l l e t i n  on Practical Ari^ihmtic. A B u l l ~ t i n  on Practical k i t h . -  
metic was issued Eieptember 30, I966 (EXHIBIT M) as a conpanion -2.0 the 
Bulletin dated Septeder 29th 011 Graphic P r e d k i o n  o€ h a 1  Culnin- 
ationso 
access to desk calculators, The bulletin re-Jiews brief ly  rules for 
axitkcretic  opeuations a i t h  signed n u w r s ,  
for  determiaiag the index (position 03 t he  decimal p05nt) in products 

It was prepared €or the banefie of those! mho do n o t  have 

1% also provides rules 
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and quot5ents obtained with a slide-rille or w i t h  shortened forms of 
mu1t5pIdcation ox divis ion,  
s l ide-xule  for nuIt5plicati'oh and division with an uncertainty of 
one u n i t  in the 5th dechal pusitiob is explained in detail, Algo- 
rithm for multiplica$ion and div i s ion  by the method of progressive 
rounding are described, 

The availability and use of the A t l a c  

VL, up dated Index of Satellites, An updated Index of Catalog Numbers 
(McnT) and Popular Rams Correspondhg to IDIirVT Designations of 
&cls&ified karth Satellites i n  Orbit as of August 10, 1966 was 
published oa August 23, L966(EXHIBLT M), A Cross Index dated August 
24, 1966 (EXHIBIT 0)  Llseed the sane Zatellites in the order of their 
Ca^ialog nurabezs ( e T )  fox use in finding corresponding IIlEMT desig- 
natiioas assigned by CCWAR, 

VII, Current Space Junk L i s t ,  In onder 40 keep inconsequential data 
from displacing potentially u s e f u l  information, the E X P  maintains a 
computer l i s t i n g  of space debris on whkh orbital elements  are routinely 
suppxessed, Reoipients of 3TCP airmail announcement services are pexiod 
ically informed of the current space junk Xisling, 
was published 03 August 25, 1966 (IZ)(NWLT - P), A revised Junk List 0 
VIfl, Addit ions  to. Radio Frequency Lis t inga 
satellites presumed to bo transnltt ing,  together with the frequencies 
on each, was published as part of the Oxbitaa Elemen?: Announcenont of 

A list of addit ional  

3931709 (JULY lI, 1966) (EXHIBIT 0 L 

E#, Tables of Standard Brightness  Values. An updated l i s t i n g  of 
the S-tandard Brightness of Sktellites ordered by Catalog Nunber was 
published under date of August 12, 1966, The list included a nunber 
ob measured values forwaxded by Professor Erwin Baiex, Vienna, Austria. 
A companion %able of the same! informatim ordered by brightness v a h e  

------- - : d m  r R X H n I T  Q) was given OD .cUr;r c ~ v c A ~ ~ ; :  - 
NOTE: 
earth satellite under a t a n d a d  viewing conditions is an essential 
prerequisite to a determiEation of whelkex or not ciscunslances will 
permi^t optical olbusrvation, ITCP collects aad disseminates such 
in2ofmatzon as it becomes avallabte aaa fs tile only  k n m  souxce 
from which such briglitoess data can be obtained, 

Lnforoation on the calculated brightness of an artificial 
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X, Announcements and Bulletins 

A, Suqmary of Curreat Geeu: Ratio Elements Issued, 

D a t e  NO. D i s t ,  No, Satellites - 
(See EXHIBIT C - July 11, 1966) 

L 
3931709 507 203 

3933109 505 251 (See IiXHIBIT 1D = July 25, 1966) 
II 

3935% 9 554 

39373 0 9 489 

392387 , 9 489 

228 (%e W I B X T  a E Aug. 8 ,  1966) 

(See BXHXBST F - Bug. 22, 1966) 

(See EX;HXBZT G Sept, 5, 1966) 

(See EXHBIT H - Sept, 19, 1966) 

...I 

210 

2 IS 

193 

* 

I) 

L i s t  of independent tracking observations received fK0n 
50UIc83 o'~crs"Laso 

L i s t  of satellites and number of gear ratio element sets 
pubzished on each satel l i te  daring the period. 

E, F, G9 H - Biweekly A.ir-51 OZbital HleWnt Announcemsn%s, 

Form far CalculaZiag 0rbi.t; Approach T i n e s  ( I X P  5-66) 

B u l l e t i n  of !%ptember 29, 1966 - Graphic Pxediction of Local 
Culninalions 

Form ITCP 6 - 0 , ~ ~  g c i  u=s yF*'P Bra'LPetia of Sept, 26 -(EX, J) 

Addit ions  to L i s t  of Radio-transmitting Satellites 

Bullet in of Sept, 30, I966 on Fractical, Ax~thmtico 

Catalog Xu&err; and Popular Natms Corresponding to XDBTXi' 
Designations of Unclassified Sa"ielliLes August 23, 2966 

Cross fndox l i s t i n g  satell ites in ovdes of K A T  -+ Aug, 24, IS66 

Curreill Space J m k  Lixt dated Auqast 25, 1966, 

Table or" Stanciard Bxightnness Value issued &gust 11, 1966 
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EXHIBIT' A 

The following observations have been received from independent 
observers overseas and forwarded t o  Goddard Space F l i g h t  Center: 

NCAT - 
0049 
0031. 
0045 
0070 
0116 
0117 
0163 
027x 
0285 
0447 
os 13 
0527 
0564 @ 0574 
0594 
0612 
06 13 
0622 
0624 
0671 
0683 
0714 
0717 
0727 
2?2" 

0740 
0741 
0751 
0759 
0824 
0832 
085 1 
0870 

0731 

No, 

418 
3 
3 
1 
3 
1 
15 
1 
2 
1 
1 
4 
22 
3 
2 
2 
3 
2 
0 
I 
3 
63 
I 
3 
2 
2 
314 
1 
2 
37 
4 
2 
1 
6 

- NCAT 

0876 
0877 
0893 
0897 
0899 
0322 
0924 
0931 
0953 
0965 
1092 
I097 
1245 
I314 
1420 
1428 
1441 
1570 
1447 
1448 
14?2 
15 10 
1514 
E522 
1575 
1584 
1589 
1726 
5738 
1779 
1808 
1814 
1868 
1869 

- No. 

57 
3 
I 
I 

29 
1 
5 
81 
1 
1 
5 
6 
2 
1 
3 
1 

222 
61 

- 1  
I 
1 
1 
2 
L 
I 

3 
I 
5 
1 
1 
6 

14s 
7 

- 

c. 
I 

2119 
2161 
2168 
2169 
2172 
2173 
2176 
2253 
1089 
2255 
2256 
2257 
22% 
2376 
2403 
2410 
1777 
1843 

NO, - 
2 
6 
1 
5 
1 
7 
1 

252 
86 
13 
1 
2 
.I 
1 
10 
I 

52 . 
232 

Unknown 32 

TCXAL 2314 

on 86 satellites 



. 

Recapftulatioa of Current Goar RatioBlensnts Published fn 
Biweekly A i r m a i l  Anaouacewnts [See kxhfbits ,O througb ,U) 

0004 
0035 
0011 
0012 
0016 
0020 
0022 
0023 
0028 
0029 
0031 
0043 
0045 
0046 
0047 

OOSO 
0058 
0059 
0060 
0062 
0063 
0064 
0070 
0079 
0082 
0009 
0107 
0116 
0117 
0162 
0163 
0165 
0292 
0202 
0204 
0205 
0226 

* 0049 

0 Q2.27 

13 
2 
2 
4 
2 
2 
3 
3 
3 
3 

3.6 
5 
3 
2 
3 
17 
3 
3 
3. 
3 
8 
4 

4 
3 
2 
6 
8 
4 
1 
2 
3 
2 
2 
7 
3 
2 
2 
4 

- 

023s 
0257 
027 1 
0285 
0280 
0309 
0.340 
0311 
0341 
0388 
0397 
0398 
0503 
0504 
0506 
OS09 
0527 
0534 
0535 
0564 
0573 
0574 
0579 
0589 
0594 
0604 
0605 
0612 
0613 
0614 
0622 
0624 
0630 
0635 
0669 
0670 
0671 
0682 
0683 

6 
6 
4 
8 
8 
1 
2 
2 
3 
2 
2 
2 
2 
3 
I 
1 
1 
2 
1 
4 
2 
2 
1 
3 
4 
2 
5 

3.0 
7 
13 
2 
10 
1 
2 
2 
1 
2 

12 
Q 

0694 
0703 
07Q4 
0705 
0714 
0716 
0717 
0721 
(a727 
0728 
0729 
0730 
0731 
0733 
0734 
0735 
0737 
0738 
0740 
0746 
0748 
0759 
0771 
0775 
0801 
0812 
0813 
0834 
0829 
0830 
OSSI. 
0858 
0869 
0870 
087 1 
0872 
0876 
0877 
087 8 

0 
1 
a 
3 
12 

2 
2 
5 
3 
1 
I 
2 
1 
3 
3 
7 
2 
2 

10 
5 
7 
8 
5 

22 
2 
4 
2 

8 
6 
17 
4 
2 
a 
2 
8 
4 
2 
5 

.1 

# 

0879 
0897 
0899 
0900 
0902 
0922 
0924 
0925 
0931 
0932 
0933 
0959 
0963 
0965 
0873 
0978 
0983 
0987 
1000 
3.001 
IC92 
1085 
1088 

1090 
I091 
LO97 

120% 
1228 
1244 
1245 
1248 
1250 
1267 
1268 
1269 
1270 
I271 

1089 

- A n t %  
A V Z  u 

2 1272 
2 1273 
1 1291 

1392 

6 1310 
2 2293 

4 1314 
9 1315 

15 1317 
3 1524 
4 1328 
2 1329 
1 1359 

7 1361 

26 1378 
1381 

-2 1385 

4 1360 

3 1877 

2 3.420 
2 1422 
5 1425 
3 3430 
22 1431 
25 1441 
20 1842 
3 1443 

2 3445 
14 1447 
1 144s 

6 1468 

23 1504 

L l  '? a 4 4  

1 1%7 

3.6 1472 

20 1506 
22 1508 
27 1510 
3 1511 

1 
4 
4 
2. 
7 
3 
1 
2 
3 

14 
1 
8 
1 
1 
2 
5 
2 
7 
3 

' 4  
10 
1 
I 

34 
7 
3 
4 
4 
4 
9 
5 
7 
3 

11 
1 
2 
2 
3 
2 



1512 
1514 
'6515 
i570 
1571 
1573 
1574 
1575 
1580 
1584 
1585 
3.584 
1587 
1598 
1589 
1613 
1620 
1024 
1625 
1726 
1729 
1738 
1739 
1777 
177% 
1779 
1894 
1805 

1807 
1814 
18L5 
1842 
1843 
?. 844 
I846 

- --.-e 
L OLV 

2 
2 
3 
2 
2 
2 
1 
2 
2 
1 
3 
2 
2 
2 
3 
13 

8 
7 ,  
6 
4 
2 
19 
7 

28 
4 
32 
6 
6 

4 
2 
3 
18 
2 
5 

10 

a 
Y 

KAT No. 

I.864 
1865 
1868 
3869 
1902 
1941 
1949 
1950 
1952 
;%7 
1982 
1983 
L997 
2002 
2003 
2016 
2017 
2092 
2x00 
2101 
2 102 
2103 
2104 
2107 
2118 
2120 
2121 
2122 

2124 
2125 
2139 
2142 
2144 
2145 
2159 
23.57, 

31 99 - -- &- 

2 
1 
4 
3 
1 
1 

21 
12 
3 
10 
2 
2 
9 

21 
25 
I 
3. 
2 
L 
7 
2 
5 
19 

2 
'2 
3 
4 
2 
2 
2 
2 
2 
4 

9 
8 

- 

2' 

BWISBIT'B - Paw 2 

2152 
2158 
2159 
2367 
2168 
2169 
2172 
2273 
2174 
2176 
3380 
2'182 
2183 
2184 
2186 
2195 
2200 
2201 
2202 
2203 
2204 
2205 
2206 
2207 
2208 
2215 
22'16 
2217 
2218 
2219 
2220 
2221 
2223 
2224 
2225 
2226 
2227 

23 
6 
23 
2 
3 
6 
5 
2 
1 
3 
4 
31 
13 
19 
9 
z 
30 

8 
30 
12 
15 
24 
6 
2 
3 
1 
2 
2 
2 
2 
2 

- 4  
.2 
4 
2 
z 
91 

2249 
2253 
2254 
2255 
2256 
2257 
2259 
2262 
2263 
2289 

2291 
2292 
2293 
2294 
2295 
2296 
2307 
2308 
2309 
2310 
2311 
23 12 
2313 
2314 
2315 
2316 
2317 
2318 
23i9 
2320 
2322 
2322 
2323 
2324 
2325 
2326 
2327 

2290 

2328 
28 2330 
5 2331 
2 2332 
3 2333 
7 2334 

24 2335 
6 2336 
3 2338 
1 2339 

32 2340 
1 2358 
3 2349 
32 2350 
6 2351 
24 2352 
35 2353 
1 2354 
1 2355 
1 2356 
1 2357 
1 2359 
1 2361 
1 2362 
I 2363 
1 2364 
1 2365 
1 2367 
1 2368 
2 23%&$ 
1 2370 
1 2371 
9 2372 
1 2373 
18 2374 
5 2375 
3 2376 
8 2377 

7 
1 
1 
2 
8 
2 
2 
4 
2 
10 
2 
15 
2 
1 
9 
2 
3 
1 
4 
2 
8 
3 
1 
1 
3 
1 
2 
2 
4 

zc 
1 
1 
b 
2 
1 
2 
10 
1 
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NCAT NO. 

2370 
a 8 0  
2381. 
2382 
2383 
2384 
2385 
2386 

2388 
2389 
2390 
2391 
2392 
2393 
2396 
2397 
2399 

2400 
2401 
2403 
2404 
245 
2437 
2408 
2409 
2410 
2411 
243.2 
2473 
2414 
2415 

2419 
2420 
2421 
2422 
2424 

2387 

2418 

1 
1 
I 
3 

L2  
4 
5 
6 
14 
5 
6 
11- 
5 
3 
19 
7 
5 
11 

1 
5 
6 
6 
6 
1 
2 
5 
11 
1 

1 
1 
1 
3 
2 
1 
1 
11 
?. 

.LI " 

420 difgezent satellites 
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Current Gear Ratio Elements Derived by NASA GSFG from NORAD Data as of 39317.9 L( 

INDEPENDENT TRACMNG COORDINA11oN PROGRAM, %24 CONKECTICUT A m ,  WASHINGTON, D. C. 2ooc)6 
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I PRM -iPRN1 M2 AXGZ CP CG GR1 GR2 
5643152429630814135312D687056027715-0926190 0826018 

5717i5251617090413535506968679602~541-0926570 0825668 
5741~52549@80959135343n6957o00027400-09~6878 0826136 
558615124516001815569900906906980C1286-07?3100 0387141 
5553!53174650009155722369397700242424-0765665 0383050 
547815070208001215572?0692357000937-0769199 0384728 
54731436921000101556510695 67003769-0762921 0382841 
53831 49 2 3 3 390010 155660069689 130 5 L 88-0759779 03 81 1 1  0 
5471152682340032~1948840686450001991-04~5730-0297106 
54261514329000203801600689910000~17-1215243 1967069 
52991522254400482982090687837000288 06i6396-0387437 
45071332031700012501090751854004994 0090796-0584212 
453513326703000525002607' j1633005627 0000169-0584571 
44491332039300002500190751870005601 0000137-0586202 

441013326766000225000707S1630005007 0000052-0584560 
39631252471 1000015582 10?83242009453-06OO692 0299246 
37641 2 5  150960000 1558470 78364401 732 8-06OO341 0298732 
378412471522000015566iCJ785467017260-0598590 0300248 
32311146139100004007890830820151747 0831381 1175554 
32981I46145500004007960830816151734 0831405 1175655 
38841383580700262426610734148054714-0057121-0612958 
38891440710?00170897550713254002839-1097209 1669148 
40441440753600190897570713240002764-1097245 1669184 
30291196762100001649330807385057604-05i!1395 0152237 
30321196940000001649970807305057495-0521122 0151353 
334914290322004816567~0?17349011186-564~58 0174461 
3391 14290 119050016S884071735~011086-06+~46~ 0174213 
34361428970000001659370717369010951-0647062 0173267 
3476142896170022165912071737201098F064T235 0173710 
347 4 1 42 9 2 74 30006 1 6 5 86907 17268 00 86 4 1- 0647605 0 1 74474 
30861384200820591345600732669073354-0832779 0753453 
3 1 2  7 1 38 5 1 749 1692 1 3456 50 7 32 3250733 2 8- 0833526 07 54038 
3171138618811624i3459Ea731969C72753-0833905 0753930 
32121387087315771345790731652072690-0834726 0754949 
32231387264414761346130731590072640-0834644 0754380 
32371387549215591346480731490072U50-0834398 0753656 
30451325079900020951190754198063299-0973475 1423027 
30791400877720991345330726842067€~71-08*4034 0766026 
3093140~477023091345a2o726635o67946-0844349 0763603 
30971401603923091345820726591067901-0844435 0763682 
3 1 2 4 1 4 0 2 3 9 9 0 2 1 6 7 1 3 4 5 8 0 0 7 2 6 3 1 6 0 6 7 2 8 3 - 0 8 1 4 8 2 $  0764069 
31491403077420351345720726082067349-0846459 0764755 
31661403494819361346810725938066838-0844920 0762685 
31761403711518351347590725864067004-0864703 0761362 
32321405108817601346540725382066170-0846116 0764163 
27511186069600022217540812327123750-01~6186-044~753 
30101324015Q00020951260754603064149-0972766 1421926 
2 7 9 9 1 1 ~ 7 5 4 4 9 0 0 0 6 2 2 1 7 4 1 0 8 1 1 6 5 4 1 2 2 9 3 9 - 0 1 8 5 ~ 8 3 - 0 4 ~ i 3 1 ~ ~  
32501439762500012 10822O713870~00636-031Ei806-045! i588 

30681446506903140838230711330046481-1138048 1801329 
31531446914303430838190711l96046359-113844? 1802011 
3230?475813200021805430702145001165-056~3~0071446 
3 10914735298000b 16@5590702870O07850-05b609O-~071568 
31941636626475731354490655243001055-1014004 0901938 
28171371119400012475250737520008331~001888~060~509 
219 2491249-1610736142298377638924-0463121 0777398 
449 2461062-1610736142317134657682-0461871 0776297 

2606156744280616134323067438500965323 0877281 
272 1 1  56820070502 13438806741670091 30-0966489 0876358 
26091609992600221343560662*e8002738-09,9844 0908083 

26451615554055511343690660926002484-1004359 0911973 

5672i52460?40a36i35314~686962~~772~-0926430 0826195 

4470 1 33 17 3 7 20000 25004 a0 751 98400 5598 000035~-  05 8402 6 

3 o 3 4 i 4 4 6 3 8 s 2 o 3 5 7 0 8 3 a 2 ~ o 7 i i ~ 7 o ~ 4 6 4 i 7 - i i 3 ? ~ 7 ~  i8oioio 

2624161 2 o a  18 12991 343780661 875002631- 1001415 09091 33 

;:;$!: :;::2%$:!$ f. ;:;;$j:g;;:g;;::: :;p:;g g;;:;; 
909 2 0 4 9 4 6 5 0 - 3 4 1 8 0 7 1 9 2 b l U U Y O 0 0 ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~  ?2?7?5'1" 
916 ~ o 4 ~ ~ 4 ~ o o o 7 i ~ o a i 2 2 6 i ~ o ~ ~ ~ ~ o ~ ~ i - o i ~ ~ ~ o ~ - o o ~ ~ ~ ~ o  

2411151998960028227990240688~53000255-0192027-0630329 
2372154621661419135~900680546021288-0939535 0830167 
2389154642541346135r080680486021534~0940299 0832164 
2448154742~413271357500680194021034-0940738 083187k 
2 302 1 53 0 204 10 558 2 2736 10685487 0002 50-0 194008- 0635 802 
234915355851058222798206853730000223-019388S-0636141 
2 4 0 5 1 5 3 3 9 2 5 7 0 4 9 9 2 2 7 9 6 9 0 6 e 5 2 7 L o 0 0 0 1 ~ 1 - 0 1 9 4 0 5 & 0 6 3 6 2 5 2  
174912690i5500002804460776537002971 0208247-0448643 
405814863t3250017099i~63698561012142-1142909 1734356 
3 9 7 0 1 4 2 0 5 + 4 6 0 0 - 2 0 9 0 9 4 9 0 7 1 9 9 9 9 5 0 0 7 4 8 8 - 1 0 ~ 1 8 1 9  1616670 
40961460278200160943353706866094672-1114612 1608654 
4069147't759400530996163702227009241-1128409 1706127 
1 8 4 6 1 5 5 6 4 9 4 0 0 1 2 0 0 3 0 2 3 3 0 6 7 7 3 0 8 C ~ 0 5 7 9 - 1 2 6 0 2 6 3  2039059 

19729 15567 12  1 0 1 3  30 8 3  k9 806773220009 13- 1260668 2 040149 
1988 1556650 100290832 16067734000 1369- 1260527 2039697 
20121556532800000891390677374000628-1260731 2040955 
15051383774900004014630732720000S908 1001939 1424758 
134414276156000009730507176310000618-1050109 1508539 
14151428330500300972950717392001140-1050861 1509715 
13791427833800040972910717558000730-lOSO388 1509082 
872 949641600292290090942080269144-Oli6029-0402997 
15 1 20272 76-120 17920 42637 1669422 54-0 f 95 157- 00 1682 6 
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0 2  15 193265854 7 39524865 375 57 
021529321017551688319143051 
021529325914189613802206645 
0 2 1  5293298561035 3761260418 
D2 158931 545946 17g38148 11027 
021599316444730744853076049 
0 2 15 9931 74 5 2 1 3 2 72 9 14 1 0 8 3 8 46 
021599319089167703745106051 
021599321982856658484134811 
321599324247044623048176642 
02 1599325880958597478201 539 
021599327074496578816220008 
321599329836413535384259799 
321699324147444753725600992 
D21729330676294043459681142 
02174932030i498291914267453 
0 2 i a ~ 9 3 ~ 9 9 3 9 3 2 8 i 3 i o o z ~ 2 i 7 i ~  
a2i82932~75951612033i631224 
021829321374730113026640942 
321829322331317100305653094 
321829325881757053974691927 
321829328269499022690720041 
321829330246549996815744542 
321839317798946729102861273 

021a49316832912733953861676 
021849317957645727206860451 
0218 '~9319805335716309859281 
02 1849322 7773 7 8698599 H 5 7247 
0 2 1 9 59 29 5 2 9 9 1 5 7 2 7 59 4 1 t, 2 3 2 2 3 
02200931?896929728097O 1 1  164 
072U09320~8285672815 1991 106 

022009325303745727998961445 
022009325966745728007957026 
02 2 0 093 29 35 7 28 0728 108 93 5 8 02 
02201931?006322155221393537 
0220 19328837473074793492 3 2 5  
022029316972896727852019462 
022029319944103728056002148 
02202932 18934027281419 896 16 
022029325869365728089964004 

022039322740542277479427013 
OLLR3932520j70V252281439961 
0 2 2 0  4931 69479682060 364 34926 
022049318972375183296445 110 

022c?u932Lb148 16142495465930 
0 22 04932 6052 99 1 1038 14 486 3 0 7 

022059320399834728199000330 
0 22 0 5932 1 8 5 1 3 L 2 72 82 34 99 1 6 46 
U 3 2 0 '-. 9 32 5 3 4 8 5 9 97 2 82 8 8 9 69 8 2 8 
022059329351687728301944605 
0220 6931 949295 61 38403 4 142 4 3 
022069322575131117362440356 
022079297649102910042369!56 
022 169297631907880636370399 
0221 19297598790432836166030 
022189297589697943861747706 

a 2 i 83932 48 86 9 3 96 870 3 7 8 5 7 o 15 

022009321~32111728124Y86946 
02200932497277072a1~ i?633:2 

02203931 w e :  6 3  13076684 I 1643 

0 2 2 049 32 1 t v  70 T 5 0 1 5 30 +8 4 ti 1 Y 0 1 

0 2 2 0  5 9 3 1  6895 7 2 5728084 0 2  1 e 4 8  

0221 992975650 
02220929 75600 
0222192796015 
0222 192975598 
02 2 2  1929 760 15 
0222 3931 83 3 1  c t  
02224931 74 175 
0 2  2 2  7931 686619 

0225393172862 
022539320941Z 
02253932421 7 7  
01.25393261077 
G L 2 5  3932762 I 3  
02253932817bH 
02254932 196? 1 
0225693163946 
0??5793161?71 

0222 7931 8 6 5 ~  

022579330. '98 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

3 S92h492 
19865309 
15999652 
4 89996 5 2 
15999652 
94662857 
16641788 

' 1  6754109 
8 5746509 
08931881 
72931 138 
34930369 
9 2929906 
19929536 
74929343 
0 6  I i 3 720 
' 8  1932436 
'09042375 
30162663 

?2?5e9 
273840 
126054 
1260 54 
126054 
221011 
695476 
040301 
014519 

375391 
311866 
3 6 8 6 6 5  
3 17767 

4 1 1 3 5'3 
363800 
325399 
312024 

3,75373 

3 72845 

INDEPENDENT TRACKING COORDINATION PROGRAM, 824 CONNECTICUT AVENUE, WASHINGTON, D. C. 20006 



5 9 1 5 6 0 9 3 6 1 4 9 1 3 1 ~ 6 2 ~ ~ ~ 4 7 6 3 8 5 0 2 ~ 3 ~ 9 - 0 6 4 6 1 4 ~ - ~ ~ C 1 3 8 0  
8 9 1 5 6 2 5 9 6 0 4 6 9 0 1 ? 6 2 2 ~ c 6 7 5 e 4 7 3 ! 9 5 1 7 - 0 6 4 7 4 6 ~ - C C C 0 3 3 2  

1 0 5 1 5 b 3 3 3 4 3 4 3 6 9 1 7 6 3 1 ~ 0 6 7 ~ ~ 7 0 ~ 1 9 3 7 t - C 6 4 7 1 3 2 - 0 C C 1 9 9 1  

1 5 2 1 5 6 6 3 4 6 4 4 5 6 4 1 7 0 2 9 8 0 5 7 4 9 0 4 0 1 8 9 7 ! - 0 6 4 8 7 2 1 - 0 ~ C 1 6 3 7  

21415~9@!8450791762730673823018024-0650912-~001185  
2 2 9 1 5 : 0 ? 0 4 C 4 9 2 6 1 7 6 2 6 ! @ 6 7 3 5 6 9 0 1 7 9 2 ~ - 0 6 5 1 4 9 3 - 0 0 0 0 9 6 2  
2 4 4 1 5 7 1 5 7 9 8 4 8 1 6 1 7 6 2 3 ~ 0 ~ 7 3 ~ 1 9 0 1 7 5 7 9 ~ 0 6 5 2 1 ~ 6 - 0 0 ~ 0 4 ~ 0  
2761573776154361762530672c93c1593C16932-06~3160-CC~0817 

7 5 1 5 7 5 7 1 8 0 2 5 3 9 1 7 6 2 3 4 0 6 7 2 1 4 0 0 1 7 4 6 7 - 0 6 5 4 5 9 0  OCC0079 
1131588156211471761700668626Cl3457-0661513 0 0 0 0 7 1 0  
1371597943758201762210665894@10552-0666325-G00~231 
1 8 5 1 6 2 9 8 4 6 7 7 9 1 9 1 7 6 1 5 3 0 6 5 7 1 7 7 0 0 0 7 0 7 - 0 6 8 4 3 5 5  0001060 

42156093741065135497967526101276261012767-0952303 0 8 4 6 2 6 6  
641561173309261354820676193012~04-0952604  0 8 4 6 7 8 6  

1 2 3 1  56  182  6 9 0 8 9  1 13538 7 0 6 7 6 0 0 4 0  1 2 4 9  1 - 0 9 S 3 7 4 1  0 8 4 9 3 5 6  
1531562090108C91354550675928012546-0953501 0 8 4 6 0 1 4  
1991562532@@779135498067580101~12$1-09S3530 0 8 4 7 3 4 6  

4 5  1 5 6 2 8 0  39 1 7 7 5  1 3 5 6 0 4 0 6 7 5 ? 2 2 0 1  L44a-G95305 1 0 8 4 5  163  
611563539~16591355990675511012219-0953664  0 8 4 5 7 9 3  

1 2 0 1 5 6 4 3 3 5 ~ 1 6 3 8 1 3 5 6 3 9 0 6 7 5 2 8 1 0 1 2 0 8 6 - 0 9 5 4 2 2 8  0 8 4 6 1 2 6  
161156512751607135a350675054011899-0954679 0 8 4 6 1 0 2  
2 0 4 1 5 6 5 9 9 1 3 1 6 0 3 1 3 5 6 C 1 0 6 7 4 - 0 9 5 5 5 9 9  0 8 4 7 4 7 1  

39156631C3C2660895550674575C23263-1230505 1 8 7 4 5 7 3  
5 5 1 6 1  3 18e827?i2090953066 1 4 3 9 0 0 1 5 5 4 - 1 2 6 9 7  10  1 9 1 5 1 0 9  
6016097000123008Q0610662390005566-1275824 1950347  

5 6 1  599 3 8 6 6 3 9 3 6 0 9 1 2 2  1 0 6 6 5 2 4 2 0 1 0 0 5 7 -  1 2 5 4 4 3 2  1 0 8 8 3 9 2  
5 5 1 6 0 4 0 5 2 1 1 0 1 0 0 9 0 2 6 7 0 6 6 3 9 4 8 0 0 4 2 5 6 1 2 b 3 7 0 5  1 9 1 5 4 6 8  
541602115416950890~9066446OCC9354-1267997 1 9 3 8 0 1 0  
74160387883294088379066399lGlOl77-1273492 1 9 5 6 0 0 2  
4 3 1 6 0 0 5 7 4 1 1 3 0 8 0 8 8 9 5 0 0 6 6 4 9 0 6 0 0 7 8 7 1 - 1 2 6 6 9 1 3  1 9 3 8 2 2 1  
4 € € 6 0 0 9 7 A 9 i 5 9 3 O B ~ c a ~ ~ 6 6 4 7 ~ 6 C ~ 7 Q ~ ~ - l 2 6 3 6 8 1  1 9 2 3 6 0 7  
8 5 1 5 9 1 8 1 3 7 5 5 2 9 0 6 8 7 1  r u 6 6 7 3 4 4 0 i 9 5 0 3 - 1 2 6 0 6 2 5  1 9 3 1 7 3 0  
8 6  158  2 4 9 8 0 0  7 3 4 0  8901 6 0 6 6 9 9 6 3 0 2 2 5  3 1- 1 2 5 0 0 1 3  19  1 1 4 9 2  
86 1 5 8 9 3 4 0  5 1 3 2  7 0  8 8 6  1 P_O 6 6 8 0  3 6 0 2  7 9 4 6  1 2 6 0 7 6 0  1 9 3 3 2  56 

1 4 7 1 6 0 1  8 7 9 6 5 3 8 3 0 8 8 4 3  1 0 6 6 4 5 4 4 0 0 6 6  5 8 - 1 2 7 0 4 5 0  1 9 4 9 7 4 7  
8 4 1 5 7 0 0 8 5 4 1 2 1 3 0 8 8 5 2 2 0 6 7 3 4 9 0 0 2 3 5 0 6 - 1 2 3 9 5 7 1  1 9 0 2 0 3 5  
851577105808480886030671489Ol5879-1.244929 1 9 0 9 1 7 9  

3 1 6 2 3 3 8 6 2 3 8 5 7 2 6 5 3 5 6 0 6 5 9 0 1 5 0 0 6 1 9 9  0 1 4 6 5 1 6 - 0 7 2 5 1 9 1  
1 5  162  38 1 1 5 6 6 4 4 2 6 5 3 1  0 0 6 5 8 9 0 0 0 0 6 6  32  01461 35-0725674  

4 8  1 6 2 7 7 76  4 8 4 30 2 6 5 3 1 7 0  6 5 7 8 3 0  00 5 8 8 0 0 146675- 0 7 2 7 9 6 9  
5 2 1 6 2 9 5 0 6 3 2 2 3 8 2 6 5 3 1 9 0 6 5 7 3 6 5 C 0 5 2 8 5  0 1 4 6 8 9 3 - 0 7 2 P 9 7 3  
6 0 1 6 2 9 6 9 7 2 4 9 9 0 2 6 5 4 1 1 0 6 5 7 3 1 3 0 0 5 8 6 7  0 1 4 7 8 0 1 - 0 7 2 0 6 8 3  
8 0 1 6 3 2 9 2 1 5 8 6 2 3 2 6 5 3 4 2 0 6 5 6 4 4 8 0 C 4 9 5 8  0 1 4 7 5 2 8 - 0 7 3 0 8 9 0  
!O 3 1 6 2 3 9 18 15  146 2 6 5 5 2 BO 6 5 @ 8 7 1 00 €3 5 7 4 0 14  8 2  43-0  7 2 4 833 
I 17  1626320 3 1 2  8626529  I 0 6 5 8  3 0 6 0 0 6 5  36 0 1462 18-072 7 0 6 6  

14 1 6 3  7 Y i 4 34 32 5 2 65 37 2C0  5 5 14 1 Q0 4 3  4 2 0 148592-07  33 5 6 3  
2 1 3 6 7 4 0 3 3 0 0 0 0 4 0 C 4 6 7 0 7 3 8 5 6 1 0 0 1 8 5 0  0 9 8 1 6 2 1  1 3 8 4 2 0 9  

4 1 1 3 6 8 3 5 6 7 1 5 1 4 4 0 0 7 3 0 0 7 3 8 2 1 7 0 0 1 8 1 8  0 9 8 3 7 9 4  1 3 9 0 2 4 4  
7 3 1 3 6 7 9 9 9 7 0 0 0 0 4 0 0 7 2 e 0 7 3 8 3 4 6 0 0 0 0 7 2 3  0 9 8 3 3 4 1  1 3 8 9 7 0 1  

10513687668042440067ao7380738~70002502 0 9 8 3 8 7 6  1 3 8 9 8 7 2  
1 4 1 1 3 6 8 8 9 1 9 0 2 9 9 4 0 0 7 0 6 0 7 3 8 G 2 5 0 0 2 5 2 7  0 9 8 4 1 2 3  1 3 9 0 5 5 4  

1 1 6 1 2 6 3 6 0 5 9 1 4  143902066  1 7 5 3 0 0 3 9 3 2 - 0 9 3 2 6 0 8  0 6 8 7 5 6 4  
121510337861001438120662382CO4240-0931514 0 6 8 8 3 2 8  
36  161055  16 1 1 4 0  14382 8 0 6 6 2 3 2 4  CO4056-0931559 0 6 8 8 0 9 4  
6 8 1 6 1 1 0 ~ 0 6 1 2 8 3 1 4 3 8 4 0 0 6 6 2 1 7 9 0 0 4 1 6 9 - 0 9 3 1 8 7 7  0 6 8 8 1 1 1  

1 1 1 6 1 2 7 49  0 6 0 9 5  14 3 80 50  66  1 7 2  2 00  5 3 7 2- 0 9 3 3 4 7 6  06 899  1 0 
2 0 1 6 1 4 4 6 9 8  1 4 6 9  14379 2 0 6 6 1  2 5 1  0 0 5 3 3 2 - 0 9 3 4 9 0 1  0 6 9 1  191 
3 6 1 6 1 8 5 2 1 4 3 9 0 4 1 4 3 8 2 3 0 6 6 0 1 4 7 0 0 5 3 9 0 - 0 9 3 7 7 9 6  0 6 9 2 7 7 5  
2 0 1 3 6 8 1 1 1 6 0 0 0 0 4 0 0 7 8 5 0 7 3 8 3 0 5 0 0 0 6 3 9  0 9 8 3 7 0 3  1 3 9 0 8 8 5  
~ 2 1 3 6 8 0 7 3 7 0 0 0 0 4 0 0 7 0 8 0 7 3 8 3 1 9 0 0 0 6 4 6  0 9 8 3 3 2 7  1 3 8 9 4 5 3  

L V - l l > " , r r *  . - *  ' L - ? n . n r Q ~ o ~ n n ~ 7 q 0 7 ~ 7 9 1 3 0 0 5 ~ 6 ~  ~ - - _  0 9 8 4 1 6 4  ! 3 8 9 7 0 4  

1413C80095000040G71PO738342000684 0 9 8 3 3 1 0  1 3 8 9 5 4 9  
3 7 1 3 6 8 0 6 2 9 0 0 0 0 4 0 0 7 3 6 0 7 3 8 3 2 3 0 0 0 9 3 7  0 9 8 3 4 4 0  1 3 8 9 9 3 9  
7 7 1 3 6 8 0 6 7 5 0 0 0 0 4 0 C 7 - + 9 0 7 3 8 3 2 1 0 0 1 3 7 6  0 9 8 3 5 0 8  1 3 9 0 1 9 0  

1 1 5 1 3 6 8 0 7 5 3 0 0 0 0 4 0 0 8 0 5 0 7 3 8 3 1 9 0 0 0 5 4 4  0 9 8 3 7 5 6  1 3 9 1 1 9 6  
1 4 0 1 3 6 8 1 0 2 5 0 0 C 9 4 0 3 7 5 9 0 7 3 9 3 0 9 0 0 1 0 1 9  0 9 8 3 5 8 0  1 3 9 9 4 0 5  

1 1 1 6 1 9 6 2 8 1 0 0 5 5 1 4 3 ~ C 3 0 6 5 9 6 4 7 C C 5 3 7 7 - 0 9 3 8 8 0 6  0 6 9 3 8 8 3  
1 6 1 6 2 0 1 9 8 5 6 4 3 0 1 4 3 h ? 2 0 6 5 9 6 9 2 0 3 4 8 1 4 - 0 9 3 8 7 0 3  0 6 9 2 5 8 6  
2 0 1 a 1 5 3 7 ;7 6 2  7 6 1 4  2 B C 30 66 100  3 CO 5 1 92- 0 9 3  5 5  12  0 6 9  1 4 4  3 
2 9 1 6 1 3 C 5 9 9 8 1 4 9 1  7 s 8 C t 6 0 2 7 3 C C ? 6 4 2 5 - 0 9 3 8 0 6 1  C694305  

8 4 7 1 4 ~ 3 O i 1 3 0 3 O 7 O  4 4 ? 0 7 2 2 5 3 1 C 7 6 4 6 9 - 1 0 6 9 1 1 7  1 6 1 8 4 7 4  
8 8 8 1 4 1 j T t j 4 0 P 0 5 8 0  4 4 r C 7 2 2 5 2 6 n 2 6 7 C C - 1 0 6 9 1 7 8  1 6 1 9 5 6 5  
9 5 3 1 4 1 3 1 b 6 3 0 0 7 5 0  4 3 9 0 7 2 2 4 9 8 0 2 6 2 1 2 - 1 0 6 9 1 9 0  1618637  
4 5 9  1286667  20CC4 154 7 4  7 0  1 6 9 3 0 0 0 5 2 3  5 7 - 0 6 3 4 5 8 0  0 3  3 0 6 3 4  

4 4 7 7 1 ~ 3 2 2 1 6 9 0 3 0 5 2 5 3 C ~ 4 C 7 ~ 1 ~ 0 3 ~ 0 5 8 ~ 4  0 0 0 0 3 9 4 - 0 5 8 4 3 1 2  
4 5 2  1 2 2 2 5 3 6 0 0 1 5 0  1794 1 ? 0 7 9 6 0 3  1124644-C470004-0043436  
4 7 7 1 2 2 2 5 1 5 6 0  164  1 7 4 4 QO 7 9  5 9 9  6 1 2 46 9 5- 0 4  6 9  8 4  3- C O  4 39 2 2 

5 5 2 5 1 5 1 2 4 2 7 6 0 0 7 3 1 5 ~ 8 ~ 4 0 6 9 0 7 0 6 @ 0 1 7 7 6 - 0 7 7 2 3 3 4  0 3 8 5 0 2 8  
6 7 9 0 1 4 9 3 6 9 6 1 2 2 1 1 1 5 5 7 0 9 0 6 9 6 4 6 8 0 2 9 8 7 2 - 0 7 6 3 0 7 7  0 3 8 1 9 6 6  
6 8 0 7 1 4 7 4 0 6 2 0 20 8 3 1 5 5 7 0 GO 6 9 6 3 5 4 0 3 0 2 0 5- 0 7 6  3 4 5 1 0 3 8 2 2 9 3 
68201494501623171557210696218030L6218030162-0763599 0 3 8 2 0 3 3  

2 1  59249~030@20RO1~50667131000286- 1 2 9 9 7 1 1  2 1 0 3 9 8 2  

1 1 2 i 5 6 3 ~ 0 0 7 4 5 3 3 1 7 6 2 : ~ 0 6 7 5 5 5 0 ~ ! ~ 6 4 7 7 4 ~ - C 0 ~ 1 2 1 1  

1 8 3 1 5 6 7 9 0 4 3 4 6 5 5  1 7 6 2 6 3 0 6 7 4 3 9 9 0 1  a 5 9 ~ - 0 6 4 9 9 4 3 - 0 0 ~ 0 9 9 2  

5 3 1 5 6 6  e 19 o 1 1 5  30  ti a 5 5 20 6 7 4 4 2  6 o 1 8 7 1 8- 1234 8 7  8 1 8 9 4 4  32 

38i626032093972653a406583000006266 0 1 4 7 1 0 6 - 0 7 2 6 6 4 1  

i ~ i 3 6 ~ 7 ~ 4 2 o c o o 4 o 0 7 6 5 o 7 3 8 4 2 3 c o o 9 6 2  0 9 3 3 3 0 3  1 3 9 0 0 ~ ~  

9 9  i 6 1 16 3 3 7 i 4 c  1 14 3 a  2 30662 0 2 7  00 3 7 4  8- 0 9 3 2 4  1 8  06  a8 e 07 

1 3 6 1 3 6 8 8 6 8 6 0 3 1 7 4 0 0 6 8 5 0 7 3 6 0 3 3 U U 3 L 5 ~  U Y O ~ U ~ V  A>?CLZC 

~ ~ 7 i 4 5 i ~ o ~ o o o i 6 o a ~ ~ 6 ~ o ~ o ~ ~ ~ ~ ~ o ~ ~ ~ ~ - i i i i 4 ~ ~  1700172 

7 8 i ~ ~ ~ ~ o ~ 3 o o o o o a ~ i a o o ~ ~ ~ s ~ ~ o o o ~ o ~ - i ~ ~ ~ ~ i i  2 0 6 9 7 2 3  



N C A T  AJNE .A- 

l c l l l c l l L ~  

A N R P  1 
Ob8398 
1 3 0 2 7 2  
0 9 3 7 5 3  
4 6 3 6 5 9  
5 0 0 4 1 3  
5 1 2 6 4 3  
5 0 9 7 4 7  
4 8 3 5 0 5  
5 2 0 9 8 4  
7 1 9 4 1 8  
7 5 4 1 7 2  
1 2 2 5 0 0  
4 9 8 2 4 6  

A P R M l  

1 

1 
3 
6 

1 
11 
1 4  
6 
7 

A D D I T I O N S  T O  I N D E X  
Catalog Numbers and Popular Names Corresponding 

to IDENT Designations of Recent Unclassified Earth Satellites 

I D E N T  NAME NCAT I D E N T  NAME NCAT 

1966 53E 
1966 3 8 R  C.2169 1966 53F 
1966 3 9 B  021 72 1966 5 3 G  

1966 3 8 ~  COSMOS 118 02168 

1966 5 3 H  
1966 535 

1966 ~ O A  riImus 2 02173 
1956 4 0 B  021 7 4  
1966 4 1 A  02176 
1966 41R 02180 y965 5 5 A  

02218 

02219 
02220 

02221 

02227 02222. 

1966 42A 021m 1966 5 6 A  PArnOS-1 02253 

1966 43.1 COSMOS 119 02182 1966 56B 02255 
1966 44A E X P I _ .  12 (i2183 

1966 56C 02256 
1966 44R 02 L 84 
1960 45A SIIKVEY 1 0 2  1 >3 5 1966 57A COSMOS 122 02254 
1966 45H 0 2  1 8 7  1966 5 7 B  02257 

02258 1966 5 8 A  EXPL. 33 
02289 1966 59A 

1966 6 0 A  PROTON 02290 

1906 46A A'LDA 0% 186 
0 2  188 1966 4 6 R  

1966 46E 0 2 2 2 8  
1966 49A OGO 3 021 9 i  
1966 50A CObMOS 120  02196 1966 6 0 B  02293  

1966 5 1 A  02200 1966 61A COSMOS 1 2 3  02295 

1966 5 1 R  02205 1966 61B 0229tj 

1966 5LC 0220' 1966 62A 02322 

1966 52A 02201  1966 63A 02324  

1966 52B 02206 1966 63B 02327 

1966 5 3 A  02207 1966 64A 02325 

1956 5 3 B  02215 1966 6413 02326 

1966 53C 

1966 5 3 D  

02216 

02217 

1966 65A 0 2 3 4 8  

1966 67 COSMOS 1 2 5  02351 



G O 9 3  
0097 
oc97 
OG98 
0 0 $ 8  
0098  
0098 
0096 
0098 
0 0 3 8  

09336 1 
2933 SC 
593324 
5 9 3 3 8 9  
193308 
19334! 
19339 1 
l?3+3 1 
iP3366 
393353 
89338 7 
349329 
393343 
393350 

3w3e 5 
?3B$i? 
333402 

2557 
9 5 9 :  
6234 
5 3 2 4  
7530 
533'7 
899 8 
8559 
5 0 3 3  
0 0 0 2  
2357 
5 2 ; :  
7171 
7961 
9165 
7749 
7490 
5594 

6'304441 
9554030 
Cc 5 3 5 12 3 
3822422 
9815263 
8804922 
3396743 
7813535 
0359776 
6130429 
2 3 50410 
0 1 2 7 795 

5095244 
8035351 
306 1 70 0 

5 1 I 5874 

5 3 2 2 8 0  
527493 
498415 
3 9 5  176 
505903 
4 a 3 6 00 
452595 
42781 1 
5554ZS 
6*1232 
937220 
6751508 
700047 
709456 
7 2 8 0 5 2  
724670 
755658 
7 7 7 h 4 7  

LSDEPEhBEST TR4CKIKG COOFtQINATlOS PROGRAM, 824 CONNECTICLT A T U E ,  WASHlNG'TON, D. C. 20006 



- 
N d ) J N E  AJNE AQNR A N R P  IPRM A P R M l  M 2  ANGR CP CG GR1 GR2 

4 2 1 0 3 0  

5 1 3 9 7 0  
1 2 8 8 7 3  

4 9 3 1 1 7  
0 2 2 2 9 5  
0 5 2 4 1 5  
1135323 
0 9 9 5 4 3  
9 9 1 8 0 4  

0 0 0 4 ? 9 j 3 . ? 7 8 3 2 9 C 3 6 5 4 4 0 0 2 6 2 8 6  
0 0 0 4 9 9 3 3 O 9 8 ?  1 8 2 8 0 2  1 0 4  1 5  19 55  
OOO49933200 , 5 3 5 7 9 2 2 0 3  1 6 8 2 9 1  
0 0 0 4 9 9 3 3 3 0 2 ? 4 0 2 7 8 2 8 2 1 1 7 8 0 7 8  
0 0  0 4  9 9 3 3  8 8  8 9 4  1 9 7 2  5 9 2 7 2 4 7 9 9 0  
0 0 0 4 9 9 3 4 3 8 1 6 8 5 2 6 7 8 5 4 3 3 0 4 0 0 9  

0 0 0 5 9 9 3 4 2 2 9 3 1 9 5 9 9 6 8 0 1 3 9 7 2 1 6  
0 0 0 6 2 9 3 3 8 9 2  7 4 2 0 1  7 0 6 9 3 4 0 5 9 0 6  
0 0  0 70934  54 88 3 12  8 5 0 4  1 8  7 3 4  7 2 3 
0 0 0 9 9 9 3 4 2 2 1 9 2 5 4 7 0 2 6 9 6 6 7 7 6 3 7  
00  1 C  7 9 3 3 2 6 1 5 2 4 U 0 3 3 0 0 1 7 7 3 7 0 9  
0 0  1 16933  6 10 7 8  52  7 6  10 159 8 10 5 3 
0 0 1 1 7 9 3 3 1 1 6 9 0 6 0 7 9 7 5 4 1 9 9 7 0 8 8  
0 0 16 5934  3 8 0 9 6 6  7 9  3 4 3  57 2 06  2 99  

5 19722  

, 3 8 6 9 7 4  

ri  o n 5 09 33 o 7 8 9 9 A 2 99 8 9  8 9 7 4 2 9 6 3 

0 0  1 3 2 9 3 3 1  
0 0  2 0 2 9 3 3  7 
0 0 2 0 2 9 3 4  1 
0 0 2 2 7 9 3 3 7  
0 ti2 5 5 9 3 3 4  
nn 7 5 ~ 9 3 4 0  

2 6 4 0 6 4 8 3 8 5 5 1 1 1 6 1 6 1  
1 2 8 6 2 5 7 2 3 2 0 7 7 6 3 3 4 6  
9 7 6 7 6 7 6 5 5 9 5 3 8 6 4 5 1 3  
3 4 6 9 6 8 8 7 3 8 1 8 2 1 6 4 4 6  
5 9 6 5 6 4 8 5 5 8 5 2 6 4 1 6 7 6  
39431  1 7 5 4 8 2 3  7 4 9 8 9 7  

6 6 2 5 7 9 3 3 6 5 1  3 i 2 9 8 2 3 6 i 9 7 4 3 4 9 8  
0 0 2 8 5 9 3 3 7 6 5 1 ~ 5 9 7 0 4 0 0 C 9 9 4 j 9 9  
ti 0 2 8 5 9 3 4 0 9 9 2  9 8 8 6 6  7 2 2 9 9 0  7 4  86 
0 0 2 8 8 9 3 3 2 6 2 9 8 2 7 7 2 2 4 5 2 8 8 4 8 3 1  
0 0 2 8 8 9 3 3 9 4 3 8 3 7 5 6 4 7 1 0 2 9 3 1 9 1 1  
0 0 3 9 8 9 3 3 2 1 8 0 3 8 1 8 5 3 2 2 3 2 0 8 0 1 7  
0 0 4 4 4 9 3 3 0 6 6 9 4 2 5 1 8 5 3 5 8 5 0 4 9 3 7  
0 0 4 4 4 9 3 3 1 6 4 3 6 2 4 1 8 1 0 7 4 5 0 1 2 7 2  

9 3 3 3 6 7 3 0 2 3 1 7 2 1 2 7 4 9 4 6 0 7  
9 3 3 7 0 8 1 1 9 7 1 5 7 1 2 0 4 8 3 0 5 8  

3 R 6 7 7 4  h 9 1 50 3 2 6 4  7 7 9 5 5 

0 0 5 0 3 9  
0 0 5 0 4 9  
0 0 5 0 4 9  
0 0 5 0 4 9  
0 0 5 0 4 9  
00  5 0 9 9  
0 0 5 1 9 9  

3 8  3 0 4 2 4 2 8 9 4 4 2 8  7 1 0 2 4 7  

3 4 8 8 6 9 5 1 9 9 3 7 9 6 8 8 4 6 4 6  
3 8  3 2 9 7 0 8 9 7 5  11 8 8 7 2  5 19 
4 1 0 9 6 1  3 5 9 6 0 0 9 3 8 4 2  581  
3 6 3 2 6 7 2 8 7 5 1 0 0 1  LO6974 
3 4 4 2 6 2 9 1 7 4 9 9 8 0 1 1 5 4 4 0  

3 1 3 6 8 3 0 3 0 1 2 8 ~ 1 3 8 9 6 9 8 4  

0 0  5 2 7934  
0 0 5 3 5 9 3 3  
0 0  5 3  5934 
0 0 5 6 4 9 3 3  
0 0 2 6 4933  
0 0 ~ 7 3 9 3 3  
0 0 5 7 3 9 34 

0 9 7 9 6  
6 7 2 3 8  
0 8 1 8 2  
3 3 9 4 4  
7 2  7 4 9  
4 7 9 9 3  
1 6 8 3 6  

1 5 5 3 4 5 7 5 3 9 4 5 8 7  
6 8 8 6 0 7 8 6 1 6 4 7 8  3 
2 1 8 7 5 8 0 3 1  31611 
I3 846  0 8 8 5 5 09  h 24 
2 34 1321752'295 1 
7 8 0 6 1 6 9 9 1  1 0 3 8 4  
3 2 0 4 1 5 0 7 2 3 3 6 2 7  

0 0  5 7 4 9 3 3  1 9  5 7 1 7 13 3 13 15  3 9 9 4  1 f 
0 0 5 7 4 9 3 4 4 0 9 2 h 3 8 3 2 8 2 4 3  36 7 2 h 4  
0 0 5  7 5 9 3 4 0  7 794 3 6 0 3 9 1  3 7 2  3 6 7 0 5  
0 0 5 7 9 9 3 3 6 7 4 6 6 8 1 3 2 5 4 2 3 0 5 3 4 4 1  
0 0 5 8 9 9 3 3 6 7 4 0 6 5 4 3 2 8 8 9 9 n 5 0 5 ?  3 
0 t i b 1 2 9 3 3 7 0 1 1 8 5 5 9 6 5 4 4 3 1 3 7 9 0 0  
0 0 6 1 2 9 3 4 5 0 3 7 8 4 2 8 8 1 4 8 2 2 0 8 2 0 1  
0 0 6  1 3 9 3 3 9 2  1 5 4 6 0 6 9 6 9 3 4 8 4 7 7 9 2  
0 0 6 1 4 9 3 3 6 2  1905 1 3 0 6 9 2 4 3 3 8 7 3 8  
00 h 1 4 9  34 3 3 30  7 1 7 2 9 6 5 5  3 304 2 10  

O O h 2 4 9 3 4 2 4 0 2 3 0 4 9 5 2 5 8 9 6 7 2 4 6 9  
0 0 6 2 4 9 3 4 2 H 6 6 9 0 4 9 5 2 4 8 6 6 7 0 4 2 3  
0 0 6 7 1 9 3 4 0 5 4 2 9 2 3 0 0 8 1 4 1 2 b 8 8 9 2  
0 0 6 8 5 9 3 ~ i i 4 ~ 9 4 4 ~ 4 ~ 2 6 2 ~ 3 2 0 5 0  
00  h8  393404 3 d 8 0 6 2 5 6 0 6 6 0  5 9 7 6 9  
0 0 6 9 4 9 3 3 2 7 0 0 1 4 2 0 7 9 5 8 ' 3 1 3 6 4 7 4  
0 0  7 0 3 9 3 4 3 2 4  724  7 2 7 2 6 0 8  7 4 3 3  12  
00  7 0 4 9 3 3 8 2 4 8 2 5 0 2 7 0 9 3 7 8 6 6 4 9 6  
0 0 7 0 5 9 3 4 1 2 6 5 3 4 9 2 7 0 8 8 1 8 3 9 4 2 6  
0 0 7 1 4 9 3 3 3 0 7 7 T 2 7 6 5 5 9 5 8 9 9 1 5 3 0  
0 0 7 1 4 9 3 3 8 9 7 9 9 9 0 6 4 0 0 1 1 9 5 8 7 7 5  
0 0 7 2 1 9 3 3 4 1  3 3 5 7 5 6 6 1 8 8 1 9 8 8 9 6 1  
0 0 7 2 1 9 3 3 9 8 4 5 7 2 3 6 4 6 6 8 6 9 6 3 5 4 1  
0 0 7 2 1 9 3 4 0 5 6 9 3 9 4 6 4 4 7 1 7 9 5 3 6 1 6  

8 9 3 3 4 6 8 8 7 2  1 8 4 8 0 0 0  7 0 0 3  18 
9 9 3 3 9 6 4 7 0 4  1 8 1 6 1 0 4 6 6 4 6 8 9  m 4 9 3 4 2 4 5 3 0 8 0 5 9 7 4 9 9 2 6 3 0 7 1  

0 0 7 3 5 9 3 3 6 4 6 5 4 0 6 5 8 0 5 9 1 3 5 0 0 2 3  
00  7 3 8 9 3 3 9 5 2 5 1 9 8 7 8 8 2 6 5  1 0 0 4 4 2  
0 0 7 4 0 9 3 3 4 3 7 2 1 0 4 0 1 6 5 7 3 5 4 5 6 6 5  
0 0 7 4 0 9 3 3 8 4 1 0 8 1 8 0 0 7 2 4 9 4 9 2 9 3 6  

INIIE.PENNDEN r TRACKING coom)im'rioN PROGRAM, 824 CONNEC r i c u ' r  A V E N U E ,  WASHINGTON, D. c. 20006 
~ ~ ~ ~~ 



Current Gear Ratio Elements Derix-ed bv NASA GSFC from X O M D  Data as of 39345.9 

3-XE AJKE 'AQNR -4hCRP fPRM lPRXI1 M2 ASGR . CP CG GRl GR2 

018429336000220327834934673 
01842934104250624450536564j 
O l H 4 4 9 3 3 2 9 a 0 2 0 7 5 8 7 4 0 2 9 Q ~ ~ ~ 9  
3 l 9  4 4 9 34 4 2 4 5 5 6 949 36 0 3 9 S 2 ,: 7 3 
0 1 8 6 4 9 3 3 7 5 7 5 5 7 5 5 5 2 9 5 1 4 9 1 0 4 5  
01568933442972147427426099J 
0 1 5 6 9 9 3 3 5 7 1 2 4 2 6 4 ~ 5 7 5 2 3 3 3 5 ~ ~  

0 2  1 5  19343348434946122 537 848 
02151934532002194~587538144 
021529333797300493601318592 

iUDEPEhDEST TR4CIC;?jG t00RDLVATIoS PROGRLM. 824 CO\\ECTiCL-T A I T N L Z .  ii ASMUGTON. D. C. 20006 



NCAT 
0 2  
07 
02 
02 
02 
02 
02 
02 

JNE AJNE ANRP If 
8443061 
2375208 
5 3 2 96 0.1 
3531 184 
8495 3 96 
2521609 
2456253 
5429607 

364996 
425713 
466861 
183118 
222773 
265232 
332349 
345923 

02 1 5 9 9 3 4 1 0 ? ! i 4 8 4 3 5 ? l l 9 4 0 5 3 3 3  
02 i 5 99344 5 207 2 1302192 4778 17 
0 2 1 6 A 9  34 39 0 5 8  i! 858 8792 3 90 5 e 3 

G 7  
0 2  
02 
02 
02 
02 
0 2  
0 2  

O 7 r  ~49337 76660897 1870554 ti 14 
0 1 2 0 4 9 3 4 4 C 1 4 7 3 2 9 0 1 ~ 8 6 5 9 0 8 4 3  
L'7 20 5933 1903 3 h 072 8266.r 
C229'~93347Q 70 U728367t- 
0 2 c J 5 9  3 3 6 6 5 t$ I4 8 72 83 7 5 l i  
0 2 : i) 5 9 34 1 3 1 t3 6 4 2 72 8 3 84 H 
0 2 0 o 3 33 0 c, 2 6 ti 4 506 0645 3 
0 2 7 0 0 9 33 1 8 1 10 P 606 84 35 8 5 '6 ' L' 

0 7 70 1'9 3 3 0 d 08 L '7 W69504 r! YO', '4 
02f~19337@256880616e3~~~ i - r i  
0722493366 7569 36913185e 7 :ol 

( ' 2 7 5  39337913228928253 3hqof i  f 

o L 7 o q 9 37 5 o 3 o a 7 3064 1 2 6 L, 7 (I 7 

02253933O896937928 16836992'3 

800303539602 3 
963445862 1979 
2603436671568 
056 8902 7 2 7 6 52 
955383975 1090 
54892098570 77 
845561091 1165 

0 2 2 9 0 9 3 3 4 0 : 1 8 4 9 1 9 6 6 3 9 9 1 2 3  
027909339 1944h91438589 107 
n 7 ? 9 09 34 0 9 7 ' , I >  Y 4 1 2 5 806 9 2 0 0 

362 
499 
32 5 
352 
382 
394 
450 
479 
506 
335 
41 6 
444 
460 
291 
304 
353 
399 
413 
45 1 
464 
4 9 4  



Current  Gear Ratio EIements Derived b-i- YASA GSFC from X O M D  Data as of 319345.9 

3 



- ~~ . _  

NCAT JXE AJNE 'AQNR ANRP IPRM 
0237 

0237 
0237 
023 1 
0237 
0238 
0238 
0238 48560 3017644 360643 179 
0238 492721938363008928 242 
0238 213418884535575868 284 
0238 190151984657843106 206 
0 2 3 8  147578926296000643 252 

0238 980541374690419769 3050 

0238 226547557748592456 

0238 992984998572542303 
0238 6~+243~003az205876 2 
0236 
0239 
0239 

0237 

0 2 3 a  266025aa4528068063 285 

0238 35  1240~,6339427474 2817 

0238 928roia28405i30206 

A D D I T I  

Ca ta log  N u m b e r s  and 
O N S  T O  I N D E X  

Popular  N:i.;nes C o r r e s p o n d i n g  
t o  I D E N T  D e s i g n a t i o n s  of Recent Unclassified E a r t h  Satellites 

I D E N T  N A E  

1966 3 8 A  COSMOS 118 
1966 3 8 B  CCS 118 R 
1966 3 9 B  
1966 r4GA N l M 8 i J S  2 
1966 403 
1066 41A 
1966 4 1 B  
1966 42A 
l o h r  4 3 A  COSMCXS 119 
1900 44A EX?,. 32 
1966 44B 
1966 45A S:J?L'EYOR 1 
1966 45t3 
1966 463 
1966 46E 
1966 49A 0C;O 3 
1966 50.4 COSMOS 120 
1966 5 1 A  
1966 5 1 B  
1966 51C 
1966 5% 
1966 52R 
1966 53A 
19h0 53B 
1966 53C 
1966 53D 

NCAT 

02168 
02169 
02 i72 
02173 
02174 
02 176 
02 1 
02181 
021 82 
02183 
02184 
0 2 1  85 
02 187 
02188 
02228 
02195 
02 196 
02200 
022!_)5 
02202 
02201 
02206 
02207 
02215 
02216 
02217 

I D E N T  NAME 

1956 53E 
1966 53F 
i966 5 3 G  
1966 53H 
1966 535 

1966 56B 
1966 56C 
1966 5 7 A  COSMOS 122 
1966 5 7 H  
1966 58A EXPL. 33 
1966 59A1, IEBK IS 
1966 6011, PHOTON 3 
1966 6OB PROTON 3 H 
1966 61A COSMOS 123 
1966 61B 
1966 62A 

1966 56A PAECS-1 

1964 6312 OV-8 
1966 63B 
1966 64A COSMOS 124 
1966 648 
1966 65.4 ACENA TMGET 
1966 67A COSMOS 125 
1966 68A COSMOS 126 
1966 68B COS 126 R 
1966 69A U S  PAYLD 

NCAT 

022 0221, 1 
02220 
02221 
02222 
02253 
02255 
02256 
02254 
02257 
02258 
0,?352 
02290 
02293 
02295 
02296 
02322 
02324 
02327 
02325 
02326 
02348 
02351 
02368 
02369 



JANDEPENDENT TRACIWG COORDINATION PROGRAM. 824 CONNECTICUT AVENliE. WASBINGMN. D. C .  7MMi 



I I 
INDEPENDENT TRACKLNG COORDINATION PROGRAM, 824 CONNECTICUT AVENUE, WASHINGTON, D. C.  20006 



~ ~ ~ _ _ _ _ ~ ~  ~ ~ ~ ~~ 

Ratio Eiements -1-ii-ed bv SMA GSFC frcrr? NORAD nata as of 33359.9 

ANRP WRM APRMl 1169. ANGR CP CG GRl GR2 

017799349566965658705b55629 
01779935f548289634900676946 
01804~3468b60240f7936337013 
016059349915302282083831>l5 
0 1 0 0 5 9 3 5 3 5 ~ 0 5 0 6 2 3 4 T 0 8 9 0 5 5 3 9  
0180b935401837i000778297361 
0 1 8 0 7 9 3 E 1 9 3 5 2 7 3 0 0 ~ 3 3 5 3 0 R 3 9 4  

D L 9 4 9 9 3 4 7 0 2 2 0 4 6 8 1 0 5 4 5 7 1 5 9 8 3  
0 1 9 4 9 9 3 5 4 5 9 4 1 6 7 6 9 5 2 6 8 8 1 9 8 1 6  
019459356247853670L5384496b 
019529354464902218477b92773 
019479347M96737585L05626750 

0 1 9 9 7 9 3 5 4 5 9 5 9 3 4 8 4 3 3 0 9 9 ~ 1 5 3 3  
O Z G 5 2 9 3 4 9 6 2 8  1 4 4 4  15759 3 2 4 5 4  ? 
0200293534Ef373.2358986374941 

02@0293564471?531543l412958 
0 2 0 0 2 9 3 5 8 j 7 5 9 3 3 2 8 7 3 1 5 4 3 8 2 3 9  
0 2 0 0 3 9 3 4 6 3 1 4 3 3 8 0 6 1 5 6 3 3 3 0 9 4 2  
0 2 G f i  3 9 3 4 7 9  347 3 3856882 1 7  1 5  3 7 

0198293534745534524337~~5~4 

~2~0293556~540c326?42402651 

02182935243085570384b007525 
0 2 1 3 2 9 3 5 3 9 8 3 6 0 2 6 8 3 1 5 7 0 2 5 2 8 1  

IXDEPEh4EhT TRACKING COORDI~ATlOPZ PROGRL?,  824 COhYECLlCCT AVEKUE, WMJXNGTON, D. C. 20006 



669 
505 
529 
546 
560 
632 
647 
354 
38 1 
40 9 
450 
346 
449 
32 5 
400 
526 
350 
382 
469 
1914 
7293 
7352 
7380 
7451 
167 

3789 
20 
42 
79 

120 
13 
20 
27 
4 

22 
38 
66 
85 

1 ao 

XNDEPENDENT TRACKING COORDINATION PROGRAM, 824 CONNECTICUT AVENUE, WASHINGTON, D. C .  20006 



j Current Gear Ratio Elenienrs 

CTJRRENT GEAR RATIO DATA 

OO~j229343596875981849^36022 

0062 493439 13 8819523856 7 8347 

00931934382610779546542502- 

01 726934786 46775466446-21 48 
021769347925849927129093605 
02 1 83935083 8250532630841 e69 

02253935l807713923643319048 

ERWIN B-rlIER, W E N  

9566 85-92 1900002 456331OO8d570033 42-0017833-0323744 

9571 8 6 @ 8 0 2 ~ 2 4 3 9 ~ 3 1 ~ 5 ? / 7 E 1 0 6 6 5 1 - O O 2 ~ 4 8 8 - 0 3 3 1 4 6  8 

7 7 5 9 1 2 5 0 9 9 9 ~ 0 1 1 9 2 2 6 1 4 2 0 ~ 8 4 ~ ~ 3 0 8 ~ ~ 5 8 - 0 1 6 ~ 5 3 - 0 4 8 9 4 8 5  

33171196~625ooo631639320807~85057604-0521395 -0152237 
1167111325868~2500C)4C)72986~0~~5 0000039-0619883 
996 12 41 9033005317 9 6 0407 87 83741 2 1 990-0478039-00 46 89 1 
41 2 49 3 8 2 3 8 . W 2  41 6 -9 106 17660 2 43 48 -00306 42- 02 8 3 2 2 2 





000439365401863768427652357  
000459364959514234845948665  
0 0 0 4 7 9 3 4 7 4 2 1 3 7 2 1 1 6 8 0 7 9 5 8 0 3 4  
0 0 0 4 9 9 3 6 7 8 9 8 0 9 5 4 4 6 9 3 5 5 5 8 1 1 6  
00058936  7 1  438 1 5 9 7 7 4 6 1  363 6 7 1 
0 0 0 6 2 9 3 6 0 7 1 0 4 4 1 9 6 2 7 1 3 5 7 9 0 2 4  
0 0 06293.7 1795 1 1 8 8 5 6 9 5 8  666 8 72 
000649362322674177104089355  
0 0 0  1093600  11  6 1 4 8 8 9 9 9 5  584 6 5 5 
0001993638  3984391  1 2 5 9 5  194  15  
0 0  0 7 9937 25 032 96934892  42 6 7 26 
0 0 0 9 9 9 3 6 5 9 1 6 4 4 1 4 0 2 8 7 5 9 0 6 7 7 4  
0009993700  11 171351061946095  
00107935929419766119487 ’5934  
001079368886457527455092188  
0 0 1 1 6 9 3 5 8 9 6 0 9 5 9 6 0 7 0 8 1 9 3 4 3 8 0  

0 0 2 0 4 9 3 6 3 4 7 2 0 3 7 2 8 4 5 9 1 4 2 8 7 6 3  
0 0  2 0  59367892 5 55308925  3802 2 6 
0 0  22193709 183 76468051  588606  
0 0 2  5 5936 1 9  3 00 7 0 3 8 2 6  18 3 1 19 35 
00257935809357244971628b686 
0 0 2 5 7 9 3 7 0 8 1 8 8 4 5 2 2 9 0 9 5 6 6 7 3 7 1  
00271937  1 2 5 ? ~ : 4 6 9 8 6 0 4 U O 5  I2 
0 0 2 7 3 9 3 6 2 9  1 3 4 1  5 6 9 9  1 1 2  30368 1 
002749372395460702273335238  
0028593642425144110250f17250 
0 0 2 8 5 9 3 6 8 4 8 8 2 1 2 3 6 4 2 6 8 0 9 6 2 1 0  
002889368126820329455130635  

9 3 6 8  1620 7 2 7 5  1 8 6 6  55 7 8 30 

0 0 3  7093676292598379486  7 1662 
0 0  3 7 89366 10442 162265452  5 395 
0 0 3 9 7 9 3 7 2 4 9 6 4 0 3 4 6 8 5 7 7 2 ’ 8 A 8 9 7  
00444935867261  1 0 6 0 7 7 7 4 0 9 5 4 4  
0044493600045  1 1 0 5 5 7 7 4 4 0 5 6 3 8  
00444936O914660051498402 196  
9 0 4 4 4 9 3 6 2  10625  3046466 39P 524 
00444936380308  5038930392553  
0 0 4 449364 7 7 2 4 1 0 0 3 4 6 3  2 3 8 9 3 60 
004449365983762029207  385461 
004449369373817014105373883  
0 0 4 4 4 9 3 7 0 0 1 9 0 4 9 0 1  1237371  390 
00  444937 1 0 6  7549006582  36 7 9 8 9  
00446937115446308820781 ’9481  
004479360013993110586903793  
00504936  1 6  54140848230  7905 20  
0 0 5 0 4 9 3 6 3 6  10849837244  783 3 80  

0 0 5 0 4 9 3 F 0 8 3 5 7 2 2 7 9 8 0 9 5 1 5 H 1 9 5  
005099362741  1 3 4 7 5 6 8 5 4 8 9 9  79 1 
0 0 5 2 1 9 3 7 2 4 6 5 8 2 6 4 3 9 6 0 3 0 1 3 8 1 0  
0053393665258848861  1 3 0 7 2 5 5 6  
0 0 5 3 4 9 3 6 5 8 3 6 7 6 2 8 7 6 1 2 2 0 9 7 6 4 5  
0 0  5 3 593608 119 5 0 9 4 9 2 9  1 9 6 4  3 3 3  
0 0  5 3593692 73353980381  8938  7 3  
005649360024609133033646320  
005649361929215109569657458  
005649364912136072700611  393 
0 0  564936 5 9  2 7 4 7 6 0 6 0 1  6 9 6  7 8 0 38 
0 0 5 6 4 9 3 7 0 1  141490Q845169’9700 
0 0 5 6 4 9  37 2 0 7 9 6 6 3 9 8 4 1 7 4  7 0 9 0 2 ‘3 
0 0 5 7 3 9 3 6 3 4  3161 0977825  3071 5 2  
0 0 5 7 4 9 3 6 7 0 9 4 3 4 3 3 2 1 3 4 7 + ? 5 1 9 1  
0 0  5799367 7 12365316865966354  
005949362968964978064953253  
006029358695194322519940104  
0 0 6 0 4 9 3 6 7 4 8 6 6 8 5 6 7 5 6 2 7 1 8 5 c 1 1 5  
0 0 6 1 2 9 3 5 8 4 8 6 3 0 1 7 2 5 0 7 9 j 3 ’ 9 5  79 
0 0 6 1 2 9 36 8 9 6 1 60 4 60  3 2 34  4 4 1 ‘1 h 8 
0061393593  70412639804645605  

1393696 1 08 5 06 1 0 7 4 3  5 348 0 9  
1 4 9  36 3 3 H 504 1 2 6 6 9  72 2062 4 6 B% 1 4 9 3 6 8 9 ~ 0 3 2 3 2 5 8 7 6 1 1 7 n H 6 1  

006229371  t 5 4 8 1 5 9 7 7 5 5 5 6 5 7 0 6 7  
006249361336358948319609836  
00624936551  7508947383595861  
006249370279L4394625958010~ 
006359361277094979854671712  

o o 2 o 2 ~ 3 6 3 ~ 3 n 8 o 8 3 ~ i ~ 3 8 3 o o 4 2 8  

0 0  50493680 750 7 9 8  i 31 7 4  76 7 709  

756 
782 
75 7 
726 
9 3’9 
2 32 
755 
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Current Gear Ratlo Elements Derived bj- NASA GSFC f m m  NCH?AI) Data as of 39373.9 

N M[e AJhT . ANRP Ipsy APRMl MZ ANGH CP CG GRZ GR2 
9 6 5 9 2 9 5  7 3 7 8 1 4 2 4 9 ~ Y 3 0 5 4 2 1 5 5 ~ ~ ~ 0 7 1 8 6 ? 5 0 1 7 - 0 7 2 3 1 b 8  0 3 6 3 6 z 2  0 1 2 6 9 9 3 6 1 5 5 0 8 3 4  

0 1 2 6 9 9 3 6 3 6 5 5 7 9 3 7 4 7 1 4 3 6 7 0 2 5 4  7 4 0 8 1 4 2 5 2 9 1 8 0 5 3 9 1 5 5 5  0 7 1 8 5 7 6 0 5 5 0 6 0 - 0 7 2 3 1 5 7  3 3 6 3 1 i l  
0 1 2 6 9 9 3 6 5 6 2 0 0 0 9 7 2 b 9 0 4 6 8 0 3 3 5  7 4 3 6 1 4 2 5 6 0 0 2 0 6 6 2 1 5 5 6  7 1 8 3 7 3 0 5 4 9 1 9 - 0 7 2 3 3 5 3  ( 1 3 t 4 2 0 7  
0 1 2 0 9 9 3 ~ & 6 0 1 S 8 5 ? 1 ~ 7 ~ 9 6 8 5 1 1 ~  7 4 5 0 1 4 2 5 3 0 9 5 0 7 5 7 1 5 5 6  7 1 8 4 0 2 0 5 4 7 3 1 - 0 7 2 3 4 9 1  0 3 6 3 4 5 6  
0 1 2 6 9 9 3 6 9 7 5 7 2 4 8 6 a 4 3 ~ 1 7 5 ~ j 6 7  7 4 9 5 1 4 2 6 5 0 3 i i 1 1 6 1 5 5 3  7 1  P f 7 Q Z 5 4 6  3 1-0 7 2  3 7 9 5  0 ? b 2  
0 1 2 7 1 9 3 5 9 1 5 6 1 1 2 3 2 8 6 1 5 5 5 9 5 3 0  7 3 8 0 1 3 9 1 3 3 7 8 0 0 0 0 1 4 4 b  7 3 0 3 0 e o e  159 2 - 0 4 2 2 2 4 5 - c 2 5 <  
0 1 2 9 1 9 3 5 9 1 4 3 2 3 9 2 6 9 8 7 0 5 1 4 3 6 :  7519139133790000134~6i0730 0 8 0 0 1 6 9 8 - 0 4 2 : 9 3 0 - 0 2 ~ ?  
01293936247295630791854015d 74271391015600001346t90730 1 1 0 § 1 9 5 6 - 0 4 2 1 9 9 Q - ~ 2 5 c ~  
0 1 3 1 5 9 3 7 2 5 1 6 2 8 6 6 2 1 2 9 7 6 4 6 2 1 5  6702129211?80000i505"237c7 7 1 0 0 2 4 3 1  0 0 0 4 1 5 3 - 3 5 6 5  

e 

6 8 5 4 0 9 5 8 6 S 1 9 6 2 7 8 8 0  972 ~ 9 9 9 7 4 4 0 0 0 0 1 ~ 1 5 r ; 2 6 6 1  15917770-0!68354-032s!s2 
6 8 5 6 1 3 5 8 5 9 2 7 6 2 7 9 1 8  976 i 9 9 9 7 a i o 0 0 5 1 a i 5 2 4 2 6 6 1  8~915775-0167560-3026~~i 
1 8 5 9 3 0 5 8 4 5 0 6 6 2 7 5 9 3  9 8 5  199987200071d15~92661~0I9~5772-016762r-00260E5 
4 8 94 7 6 5 2 6 6 9 4  5 I 9 4 4 7 
4 2 6 a 3 0 ~ 3 ~ 0 2 8 4 5 8 i 6 3  
3 7 7 7 1 8003b6QZ 6 5 6 2  2 5 

0 ! 3 8 ~ 9 3 6 9 7 5 1 4 2 2 7 0 2 0 9 9 0 0 5 8 1 7  
0 1 4 2 09 362 8 1 0 7 8 9 8 6  3461 1 7 3 5 6 i 
01422936452~58346028395i336 65ifiq23~47a0046299e3~06~7 5 6 0 0 0 6 5 9  o 
oi1229368600e354865M972649 6 5 7 3 1 ~ 2 3 9 i ~ i o o 6 6 2 9 9 0 ~ ~ o ~ a ~ ~ ~ ~ ~ o o s a 6  o 
o i 4 3 i ~ 3 6 0 ~ 0 3 5 3 i 2 8 i ~ ~ 2 0 4 2 1 9 6  6 ~ ~ 9 ~ 4 3 5 7 3 3 6 € 7 ~ 7 i 3 ~ 3 ~ ~ 0 ~ a 3 ~ 4 ~ 0 2 4 6 0 6 - 0  
Olr31936343271323990?080799 627C153b8157182€13534r0683319024r91-0 
0 1 4 3 1 9 3 6 4 4 0 6 4 9 9 2 2 5 8 6 3 0 9 1 9 4 2  
3 1 4 3 1 9 3 6 5  3 8 4  1 0 0 2  11820 10 4 3 5 1 
014319365369321203496ili502 
0143193703U790e139649168762 
0 1 4 3 1 9 3 f 2 2 7 0 4 1 5 1 1 2 4 4 3 1 9 2 3 5 2  
0 1 4 4 1 9 3 6 5 0 2 4 5 8 5 2 5 6 0 2 5 0 6 0 2 4 7  
0 1 4 . 4 1 9 3 7 1 0 4 0 0 0 3 1 8 5 5 9 0 0 8 7 3 5 5  
0 1 4 4 4 9 3 6 7 3 9 6 3 4 3 3 3 8 8 2 2 4 5 0 1 3 7  
o i 4 4 7 9 3 6 6 7 0 5 3 6 a 3 ~ 2 0 2 f 5 5 9 8 0 7  

0 1 4 r t i 9 3 6 4 2 4 6 2 9 H 4 1 ? 9 # 3 4 1 1 4 4 ~  607i!4912~920007155736069? 2 0 0 0 4 q 5 0 - 0 7 S  
0 1 4 6 7 9 3 5 9 4 4 8 4 8 9 7 5 0 3 2 9  11 5 3 9 3  

0 14 7 2 9 3 6 4 2 2 9 5  5 5 2 5 4 5 8 0  1 6 9 6 2  3 

0 1 4 4 7 9 3 7 2 2 7 2 1 4 9 2 7 1 6 0 3 5 5 ~ 5 1 1  

0 1 4 6 7 9 3 6 7 2 9 9 4 7 6 5 0 5 4 9 ~ 2 5 0 8 9 4  5 9 9 ~ i ~ i 4 4 8 8 o 0 ~ 1 6 0 8 0 1 6 o 0 6 8 9 $ 6 i o o o ? 9 5 - f 2 r 5 3 ~ ~  1 9 6 6 9 7 5  
oi46893594476687515560a2582 5 a 6 7 i ~ i 3 o i i i 0 0 i 2 o a o i 5 ~ 0 6 9 0  i o o 0 0 9 7 3 - 1 2 i 3 8 ~ 3  1 9 6 4 8 2 5  

0147293690270272a502~i91945 ~9~ti~227~330057298~25~6a7699000i28 0 4 1 6 6 9 7 - 0 3 8 7 3 8 9  

8 5 9 8 8  6 5 8 0 4 6  50091~32039700002500190?51~~0005601 0 0 0 8 1 3 7 - 0 5 8 4 2 0 2  

5 8 7 1  l 5 1 4 4 5  7 ? 0 0 ~ 3 0 8 Q ~ 2 2 O 6 8 ~ ~ 7 0 0 0 0 ~ 6 4 - ~ ~ ~ ~ 1 ~ 3  1 9 6 6 1  54 

5.908 1 5 2 2  6 4  S20O442982 3 6 0 6 8 7 3 1 8  000 1 6 9  0416 '362-03  87 2 3 4  

9372 37 2 1 6 6 3 0 6  1 1 0 8 6 7  6032315227~0300752982370687~780002~0 041-16623-0307263 
9 3 6 3 4 8 1 1 4 5 9 8 7  6 7 6 6 4 1  504~1334799800062500070750833003170 0 0 0 0 0 5 4 - 0 5 8 5 7 1 2  

0 1 5 1 4 9 3 6 2 9 1 1 9 2 1 9 8 8  6 5 0 4 8 1  5 0 2 x 1  3 3  17390O0002 5OOL8075 1 4 8 3 0 0 5 5 9 7  0 0 0 0 3 5 6 - 0 5 8 4 0 2 5  
0 1 5 7 0 9 3 6 1 8 0 0 1 7 4 9 1 7  3 7 5 0 4 2  44501252469200001558210783~43009663-0600697 0 2 9 9 2 4 6  
0 1 5 7 1 9 3 6 2 6 0 7 8 5 1 9 3 1 9 9 5 3 9 3 ! 2 8  4446124852910000155ai9078489000?731-0598121 0 2 9 7 9 7 9  
0157393638796Y7960858437871 44341240757100001557760788~64006127-0593358 0 2 9 6 1 5 8  
0 1 5 8 ~ 9 3 7 0 0 9 0 4 5 ~ 8 0 1 7 4 9 4 4 2 5 5 4  6 3 3 6 1 2 4 3 0 7 2 6 0 0 0 0 1 5 5 7 9 9 0 7 8 7 l $ 5 0 1 b 4 3 2 - 0 5 9 5 1 5 3  0 2 9 6 7 6 2  
C!5e7?30412b957PhS442426667 424712387141Q000?5~7970789 3 1 0 1 5 6 4 6 - 0 5 9 2 3 4 8  0 2 9 5 3 9 3  
2 i 53j9362:5a4=?39743743CZ 8 0  42 15 i 23-3 i i40000? 559!0!??30%6015O16-058~617 0 2 9 3 7 5 8  
0 ~ 5 8 9 9 3 6 6 1 7 7 3 ~ ~ 8 7 8 6 2 ~ ~ ~ 1 3 ~ 1  4 2 5 2 1 2 3 2 ? d 3 ~ 0 0 0 0 ~ 5 5 ~ 3 t 3 7 9 r 3 5 9 0 ? 5 7 5 4 - 0 5 8 8 9 ~ ~  029440q 
0 1 6 1 3 9 3 6 2 4 1 r 9 3 ~ 3 8 2 9 0 2 2 5 2 ~ 6 ~  3 7 1 3 ! ~ 4 6 1 9 5 2 0 0 0 0 4 3 3 3 0 2 ~ 0 3 0 ~ 9 2 1 5 ! 7 9 6  0 8 3 1 5 2 8  1 1 7 5 e 9 2  
0 1 6 1  3 9 3 6 7 7 3 6 8 3 1 4 3 3 5 7 6 3 2 3 8 5 7  3 7 7 4 1  h4b234600004C07840830+38 15 1 7 4 2  0 8 3 1 4 2 7  1 1 7 5 5 6 8  
0 1 6 2 0 9 3 6 0 1 4 ~ 1 7 7 5 4 1 3 0 8 5 e 8 6 0 2  431513@07~01002324272807340740541~57-005659~-0613064 
0 1 5 2 4 9 3 4 1 9 3 ~ 7 9 1 2 7 9 1 3 0 0 2 9 9 6 0  4511144089O90020@697520?€3 9 5 0 0 3 9 6 6 - 1 0 9 7 4 1 3  1 6 6 9 4 9 5  
0 1 6 2 5 3 3  5 9 9 4 7 5 3 5 5 4  1 509 5 8 6 6 8 1 43 1 5 1 3 8 i 6 2 5 0 0 0 24 2 4 2 7 5 30 7 3 3 5 7 9  0 5 38 5 4-0056'44 1- 0 6 1 3 5 3 4 
0 1 7 2 6 9 3 7 2 3 4 7 4 3  1 3 9 3 8 8 9 7  1 6 9 4 1  3 6 1 0 1  L9676 1 10000 1649 l 4 0 8 0 7 3 / 8 5 0 5 7 8  1 5 - 0 5 2 l 5 3 2  0 1  5 2 5 0 1  
0 1 7 2 9 9 3 7 2 3 8 6 4 4 7 3 9 3 5 7 8 7 1 5 9 1 1  36111L96941700001649710807~4057d90-0521298 0 1 5 1 7 2 2  

0 1 7 3  8 9 3 6 6 9 4 5 4 7 3  1 2 1 0 8 3 8 6 4 3  85 6 0 5 4 1 + 2 9 0  8 9 0 0 0 0 1 1 6 5 8 0  5 0 7 1 7 $ 9 0 1 1 ~ 6 3 - O & 8 0 ~ ~  01 7 5 6 1 6  
01738937f143688082238872448 4 1 1 4 1 ~ 2 9 1 2 5 2 0 0 2 3 1 6 5 8 0 9 0 7 1 7  1 7 0 1 1 3 1 6 9 - 0 6 4 8 0 7 3  0 1 7 5 5 5 2  
0 1 7 3 9 9 3 6 5 8 7 6 5 0  1 x 2 9 6 6 7  8 9 6 0 6 2  4 0 4 0 1 4 ' 2 9 2  8470OO616511490717~*Q08~47-*~7767 0 1 7 4 8 3 8  
0 1 7 7 1 9 3 4 0 9 8 7 7 3  1 5 7 1 1 3 O 7 3 4 7 0 5  3 6 7 0 1  3 9 6 8 9 6 6 1 9 2 5  1345740?28~~3069~60-0~41235 0 7 6 0 9 0 8  
0 1 7 7 7 9 3 6 2 3 4 7 3 4 8 5 5 5 2 4 4 7 4 9 6 0 5  36881397725824621346410727~35068759-0641287 0 7 5 9 9 7 8  
0 1 7 7 7 9 3 6 5 9 2 2 2 2 1 5  1 1 7 8 7 3 9 5  3 7 3 8 1 ~ 9 9 6 2 1 2 2 7 2 2 1 3 4 5 2 4 0 7 2 7 ~ 7 0 6 9 3 1 2 - ~ 6 4 3 7 8 1  0 7 6 3 9 2 4  
0 1 7 7 7 9 3 6 9 8 4 8 4 8 3 4  5 6 8 2 9 5 2 5  ~7931402119633611344510726  1 2 0 6 7 8 8 3 - 0 8 4 5 5 3 0  0 7 6 6 6 5 0  
2 '77?Q1"5=cc'  R 7 5  
0 1 7 7 9 9 3 5 8 6 8 5 0 8 3 5  
0 1 7 7 9 9 3 5 9 3 9 0 7 2 2 5 4 0 0 0 0 7 6 2 4 1 2  3 6 7 6 1 4 1 7 3 1 4 2 2 5 4 4 1 3 4 4 9 8 6 7 2 1  11062&38-08333Y> ' J I I ~ ~ Y I  
0 1 7 7  9 9 3 6 1  9 2 9 5 3 8 5 0 9 1 8 1  1 9 0 9 6 6  3 7 1 2  141 8 6 4 6 8 2 5 7 0  13440 l r ) 7 2 0 ~ 5 9 0 6 2 5 6 ? - 0 8 5 7 L 8 4  0 7 7 7 8 6 1  
0 1 7 7 9 9 3 6  2 9 1 5 7 9 C 4 9  7 2 4 6  8 00 b 2 3 3 7 2 6 1 4 1 9 5 0 0 6 3 17 8 1 3 44  5 9 0 7 2  0 470 00 166 9- 085 71 5 7 0 7 7 6 9 8 6 
0 1 7 7 9 9 3 6 5 9 4 2 8 1  0 4 6 0 2 6 9 5 3 4 6 4 5  3 7 6 9 1 4 2  15 3 2 9 3 3 1 0  t 3448 1 O 7 1 9 m 3 0 6  1 i , 2 1 - 0 8 5 8 4 6 1  0 7 7 7 8 5 1  
0 1 7 7 9 9 3 6 7 8 4 1 2 5 0 4 3 7 0 2 6 6 5 5 4 2 9  379614128.t43335813+4580719WlC60720-0859512. 0 7 7 9 ! 4 5  
017799370579621403467e5575j  383514r5273340871345G10718523059?16-0860904 0 7 7 9 7 6 2  
01804935833216099275O27t5751 3 1 4 5 1 1 8 6 1 0 7  5 50 8 1 2 3 0 9  12 38 8 9 - 0  1 8 5 2 0 % -  0 4  4 2  8 2 5 
01 8 0 4 9 3 7 0 6 4 1 1  7 1 9 6 5 7 0 2 2 1 2  117 3 2 9 0 1  1 8 6 1  3 6  4 1 0 8  12-6 12 3 9 4 9 - 0 1 8 5 3 2 6 - 0 4 4  

l > O 7 5 4 5 8 5 0 6 3 8 0 1 - 0 9 7 2 7 0 4  1 4 2  
5 2 C  8 1 1553 I 2 3 2  7 6-0  1 8 5 5 0 4 - 0 4 4  
5 3 3 S 1 i 52 5 1-3 3 1 2 8- 0 185424- 0 4 4  

0 1 7 3 8 9 3 s a a 9 ~ 3 7 a i 9 5 s e ~ a 4 4 2 5 7  39391~2909540009i65a080717 270113168-0648059 0 1 7 5 5 5 5  

3 4 1 4 1  5 6 7 3 7 2 1 7 0  13451 9 0 7 2 1 ~ ~ 8 0 6 3 0 8 4 - 0 8 5 . c 2 5 3  0 7 7 3 4 8 3  
0 I .tl L D 7 u P 2 2573 1 ? '3 7 !?n7?* * W ( ? A  7817 0-o8%l_2) 0 7 7 7 3 5 

3 3 3 0 6 1 L  - 3 7 7 3 : s  

0 1 9 8 3 9 3 6 4 3 4 5 4 6 3 4 8 6 6 4 7 6 4 8 9 5 2  
hDEPE?DEW' TRACUXG COORDINAT?G\ PROGRAM, 824 CO'AECTiCL-7 4 v  E V F ,  'S .GIiI%GTOU 3 C 20006 

6 - 0 9 6 9 7 9 6  

2 9 3 7 1 * 3 i l i L 6 0 0 0 2 2 f l ~ ~ ~ ~ 7 1 6 4 ~ 8 ~ 0 7 ~ ~ 5  0 1 7 6 9 7 2 - 0 5 8 2 7 1 8  





853 I 
8801 
832 1 
734 1 
7571 
7P7 I 
9481 
8571 
864 I 
891 !  
6 f b 1  
676 1 
5511 
077 1 
5971 
628 1 
Ti01 
5031 



A D D I T I O N S  t o  I N D E X  

Catalog Numbers a n d  Popc;lar N a m e s  C o r r e s p o n d i n g  

t o  I D E N T  D e s i g n a t i o n s  of R e c e n t  U n c l a s s i f i e d  E a r t h  S a t e l l i t e s  

IDENT NAME 

1966 73A LUNAR OKR 1 

1966 73R LUNRK ORB 1 R 

1966 74A 

1966 74R 

1966 76A 

1966 77A 

1966 78A I.IINA I1 

1966 78R LIMA T I  R 

1066 79A COSMOS 128 

1906 79R COS 128 R 

NCAT 

02394 

02395 

02396 

02397 

02401 

02403 

02406 

02407 

02409 

02410 











A D D I T I O N S  T O  

TAB= OF STANDARD BRIGHTNESS ORDERED BY NCAT 

f r o m  David B r i e r l e y ,  C h e s h i r e ,  England  

(observed apparent brightness a d j u s t e d  
t o  s t a n d a r d  v i e w i n g  c o n d i t i o n s )  

IDENT 

1961 O I B  
1964 15B 
1965 95A 
1965 106B 
L76S 11-4 
1966 4 o A  
1966 4 3 A  
2966 44% 
1966 44B 
1966 5 1 A  
1966 56A 
1966 60A 
1966 6 1 A  
1966 61B 

-in 

POPULAR NAME NCAT dbz  

Samos 2R 
A r i e l  2R 
Cosmos  97 
C o s  100 R 

Nimbus 2 
cos 119 
E x p l ,  32 
E x p l ,  3 2  R 
None 
Pageos  1 
P r o t m  3 
C o s  123  
C o s  1 2 3  R 

P ^ ^  -In0 L w a  L U V  

00079 
00775 
01777 
01844 
02OC2 
02173 
0 2  182 
02153 
02184 
022043 
02253 
02290 
02295 
02296 

- 3 0 M  
-27M 
-27M * 
- 19M 
-23M 
-21M 
- 0 9 M  
- 2 8 M  
-28M 
-14M 
03M - 13M 
-29M 
-11M 

" B r i e r l e y  repmts t h a t  t h e  b r i g h t n e s s  on 
Cosmos 97 (NCAT 01777) h a s  been t w i c e  
o b s e r v e d  t o  increase by about 14db. The 
ciiuse for t h e  o b s e r v e d  "broad m a x i m a "  h a s  
not been  d e t e r m i n e d .  



A D D I T I O N S  t o  I N D E X  

Catalog Numbers and Popular Names Corresponding 

to IDENT Designations of Recent Unclassified Ea r th  Satellites 

IDENT 

1966 74A 

1966 74B 

1966 75B 

1966 75C 

1936 75D 

1966 76A 

1966 77A 

1966 77B 

1966 77C 

1966 78B 

1966 79A 

1966 79B 

1966 80A 

1966 8 1 A  

1966 82A 

1966 83A 

NAME 

NONE 

NONE 

PIONEER 7R 

DEBRIS 

DEBRIS 

SECOR 7R 

EGRS 7 

ERS 15 

LUNA I1 R 

COSMOS 128 

COS 128 R 

AGENA 

GEMINI 11 

NCAT 

02396 

02397 

02399 

02402 

02405 

02401 

02403 

0241 1 

02412 

02407 

02409 

02410 

02414 GEMINI 1 TARGET 

02415 DOWN 

02418 

02419 

VEHICLE 
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J INDEPENDENT TRACKING COORDINATION PROGRAM -.L 

8e( Connutkat A- 
Wahirgton 6, D. C 

September 29, 1966 

GRAPHIC PmDICTION OF LOCAL CULMINATIONS 

In making satellite predictions, a great deal of unnecessary calculation can be 
avoided by first making a preliminary schedule of the local mean times when the ob- 
server's station will be closest to the orbits of selected satellites. An example of such 
a schedule on ITCP form 4-66 is given in Appendix A (Exhibit 3). In it, orbit approach 
times for a number of the brighter satellites are scheduled for a given latitude. Sched- 
uling the time of a local culmination requires calculations that also take into account the 
observer's longitude. A step-by-step example of such a prediction is given below on 
ITCP Form 6-66. 

At the time of local culmination, a satellite appears at its highest point above the ob- 
rver's horizon, and appears to be moving parallel to the horizon. The relative motion 
the satellite at the instant of local culmination is practically perpendicular to the ob- 

server's line of sight. At this time the satellite has no significant motion toward or away 
from the observer. Radio observers should consider the time of local culmination to be 
the time of Doppler inflection, when the apparent signal frequency is equal to that of the 
transmitted signal. 

ITCP Form 6-66 was designed for beginners who do not have access to desk calcu- 
lators, and who may have had little practical experience in working out problems in- 
volving both small and large numbers. The form provides for explicit conversion be- 
tween the kind of notation that simplifies addition and the kind of notation that helps keep 
track of the decimal point in multiplication, as described in a companion Bulletin on 
Practical Arithmetic (ITCP Bull. Sept. 30, 1966). Substantial computational effort is 
conserved through the use of a meridinnil ?z~;g=z$LL ii& arlu omer graphic aids ob- 
Liilabie mom ITCP. 

The precision obtainable with ITCP Form 6-66 is limited by the precision that can 
be obtained from measurements on the stereographic net. This corresponds to an un- 
certainty of about * .001 turn. Calculations are carried out to one more significant 
digit. In the example given below, the predictions are within a minute of time and a 
degree of arc of values determined by a precise numerical solution. 

Soeiet). of Photopphic Scientists and Engineem 
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SCHEDULE OF CIRCUMSTANCES OF LOCAL CULMINATION 

PART 1: ENTER STATION COORDINATES. 

ITCP Form 6-66: 

la scale from map: 
l b  Sta. Lat. 40-?'Fa? 
IC E. Long A 8 6 :  04: 
Id IF 1c>180°. - 3 6 0: 0 0 

I 

le = E. Long. - 7 3 ? 9-1. 

lg GO (table 1) 8 3  6 9 k m 
If UT @ Sta. noo I &H 

16 sta. elev. Ok m 
li NGO (table 1 
l j  LN0~le/S6O0 
lk GO=lg+lh 
l m  Zone= 12H-If 

Station sea level, ( lg),  depends upon the geodetic latitude of the station. GO is taken 
from Table 1 at the station latitude ( lb)  scaled from a map. 

Station elevation, ( lh),  is evaluated in kilometers above mean sea level. For graphic 
methods, an elevation of less than .5 km is not significant. 

Observer's radial distance, GO 
the observer, 0. GO is the sum of (lg) and (lh). 

(lk), is measured from the center of the earth, G, to 

Observer's pohr distance, NGO (li), is measured at the center of the earth, G, from 
the North pole, N, to the observer, 0. N O  depends nn the &&ior's ge&&ii: htitu& 
(lb).  and i c  k k ~ c  :iv= T;iirie 1. 

Observer's east longitude, LNO 
the Greenwich meridian, L, around the north pole, N, to the observer's meridian, 0. 
LNO is reduced to the range 0 f .5. 

Observer's time zone, (lm), is the difference between the observer's civil noon and 
the corresponding Universal Time (If). 

( l j ) ,  is the right-handed polar angle measured from 

NOTE: once items (li) through (lm) have been found for a given station, 
they may be entered directly in R r t  1 of Form 6-66. 
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TABLE I I 

Geocentric Coordinates for Ejorthern Latitudes 

U T  NGU 
(deg) ( t u r n )  
0 . ~ o o  
1 ,2472222 
2 ,2444444 
3 ,2416667 
4 ,2308889 
5 ,2361111 
6 02333333 
7 ,2305554 
8 ,2277778 
9 0225ooOo 
10 02222222 
11 02194444 
12 ,2166667 
13 e2130889 
14 ,2111111 
15 ,2083333 
16 020555% 
17 02027778 
18 ,2000000 
19 e1972222 
20 ,194WC44 
21 ,1916667 
22 .18e8889 
23 .1861111 
24 01833333 
25 -1805556 
26 .17m78 
27 *175oooo 

29 -1694444 
,1666667 

28 e1 7 2 2 2 2 2  

31 ,163888~ 
32 ,1611111 
33 -1583333 
34 ,1555556 
35 ,1527778 
36 -1500000 
37 ,147222 
38 ,1LkbBkR 
39 ,1416667 
40 ,1380889 
41 . i ~ i i i i  

-1333333 
43 -1305556 
44 ,1277776 
45 01250000 

N W  
Jturne) 

,250o000 
,2472409 
,244481 8 
,241 7226 
-2389633 
,2362040 
- 2 3 w  
,2306850 

,2251 653 
-2224052 
-21 96449 
.216e@3 
-21 41 235 
,2113624 
,2086009 
,2058592 

-20031 46 

,2279252 

02030771 

1 97551 8 
-19478&?6 
,1920249 
,1092609 
,1864963 
01 83731 3 
1 809659 

-1 781 999 
-1 754334 

,1671307 

.1726664 
-1 690908 

, 1 643621 
,161 5928 
.158€!230 
, 1560526 
.1532816 
,15051 00 
0 1 477377 
,1449649 
,1421913 
,1394172 
-1 366424 
0 1 338670 
-1 31 0909 
,1283142 
1255368 

6378.388 

6378-362 
6378 -330 

6378-3ai 

6378.284 
6378.226 
6378 1 55 
6378 ,072 
6377 ,975 
6377 - 867 
6377,746 

6377 -467 

6377 , 1 41 

6376 e769 
6376 ,566 
6376 ,353 
6376 1 29 
6375,894 
6375 ,650 
6375 -396 
6375.133 

6374 ,579 

6373 0 991 
6373 .os6 
6373 ,373 
6373 ,053 

6372 ,055 

6371 0W 

6377 -61 2 

6377 031 0 

6376,961 

6374 , 860 

6374,289 

6372 ,726 
6372 -394 

6371 -71 1 
6371,362 

6370,651 
6370,290 
6369.926 

6369 1 e9 

636e ,070 

6369 ,558 

6368 -81 7 
6368.444 

6367 -695 

45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
75, 
EO 
81 
e2 
83 
84 
@ 
86 
87 
08 
e9 
90 

I.IW 
(turns 1 

.I 250000 
-1 222222 
,1194444 
, 1 1 66667 
1 138889 

01 1 1 1 1  1 1  
1083333 
1 055556 

-0972222 

-0916667 

,oE61iii 
-0e33333 
-0t95556 
-0777778 
-0750000 
,0722222 
-0694444 
-0666667 
.06388€3 
,061 111  1 
-0583333 
-0555556 
0-27778 
005- 
,0472222 
,044444 
,041 6667 
,0388809 
,0361 11 1 
00333333 
-0305556 
oC27777e 
,025oooo 
00222222 
,0194444 
,0166667 
,0138889 
,0111 1 1  1 
,0083333 
,0055556 
,0027778 
.oooO0oo 

1 027778 
1 oo0Ooo 

-094&%4$ 

088&?89 

ITW 

1 255368 
-1 227587 

, 1 1 72007 
, 1 1 44207 

-1 08687 
-1 060768 
, 1 032942 

-0977272 
,0949428 
-0921 577 
-0893721 
-0~65e58 
0 0 837990 
-081 01 16 
.0782236 
-0754351 
, 07 26461 
,0698565 
-0670665 
,0642759 
-061 4849 
-05m34 

,0503164 

(turn6 ) 

01 1 99800 

-1 116400 

~1005110 

-055901 5 
-0531 091 

,0475232 
-0447297 
,0419358 
-0391416 
,0363471 
-0335523 
00307573 
0027961 9 
,0251 664 
,0223707 
001 95747 
,0167706 
001 39824 
001 1 1861 
,OOt23896 
,0055931 
,0027966 
,0000000 

6367 -695 

6366,946 
6367 320 

6366 472 
6366 ,200 

6365 -461 
6365 ,829 

6365 095 

6364.375 
6364.732 

6364.01 7 
6363.666 
6363 ,320 

6362,644 
6362 -31 5 
6361 ~992 
6361 -676 
6361.368 
6361 -067 
6360 -774 
6360.490 
6360.21 4 
6359 -948 
6359 -690 
6359 o w  

6359 ,206 
6358.978 

6358.556 
6358 362 
6350.179 
6358,007 
6357 840 
6357 -700 
6357 ,565 
6357 -442 
6357 -331 
6357 ,234 
6357 1 49 
6357 -077 
6357 001 7 
6356 ,971 
6356 ,938 
6356 -91 9 

6362 -979 

6358.762 

6356 -91 2 
For southern latitudes, subtract tabular values of N O  and NGU from $5. 
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I 

2a 
2b 
2c 
2d 
2e 
2f 
2g 
2h 
2 i  
2 i  

NCAT 
J N T  
TNE 
QNRo 
NRPo 
PRMo 
M1 
M 2  
NGR 
C P  

2k - CG 
2m= G P  
2n C G / C P = e  . o r y  

2q GR2 - 7 3 8 Y J - y  
2p GR1 - 5 7  I 3  i -3 

2r Std. Brtns. - 2 0  d b Z 

Satellite Catalog Number, SCAT (2a). is an integer. The correspondine: COSPAR identi- 
tication and popular name, if any, are found in cross-indexes periodically published by 
ITC P . 
Day number at epoch of elements, J N T  
Greenwich Meridian has made with respect to the mean time meridian, T ,  since Nov. 17.0 
1858. The corresponding Gregorian Calendar date can be found by referring to tables 
contained in the Bulletin on EPOCH SPECIFICATION (ITCP Bull. Dec. 30, 1965). 

(2b), is the integral number of revolutions the 

Universal Time at epoch, TNE (2c), is the right-handed polar angle measured from the 
mean time meridian, T, around the north pole, N, to the Greenwich Meridian at epoch, E.  
TNE is identical to Greenwich mean time expressed in decimal fractions of a day. 
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Longitude of the orbit pole at epoch, QNRo (2d), is the right-handed polar angle 
measured from the pole of the ecliptic, Q, around the north pole, N, to the satellite's 
orbit pole, R. 

Argument of perigee at epoch, NRPo 
from the north pole, N, around the orbit pole, R, to the perigee point, P. At perigee, the 

(2e), is the right-handed polar angle measured 

satellite is closest to the center of the earth, G. 

Mean anomaly at epoch, PRMo 
perigee point, P, around the orbit pole, R, to the position of a fictitious mean satellite, 
My in an equivalent circular orbit. The fractional part of PRM is identical to the frac- 
tion of a period elapsed since last perigee passage. Gear ratio elements are always 
refeired to an epoch of perigee and the value of PRMo (2f) wi l l  always be zero. 

(2f), is the right-handed polar angle measured from the 

Change in mean anomaly per day, M1, is entered in (2g) as an indexed numerator. 
M1 is given in microturns in current gear ratio elements under the column headed 
APRMl. 

Change in mean anomaly per day, squared, M 2 ,  is entered in (2h) in turns as an in- 
dexed numerator. In gear ratio element announcements, 

Orbit inclination, NGR (ai), is the polar distance from the north pole, N, to the satel- 
lite's orbit pole, R. In earth satellite predictions, all polar distances a r e  measured at  
the center of the earth, G. 

M 2  is given in microturns. 

CP, is measured from the orbit center, Cy  to the perigee point, P. 
to the nearest kilometer. 

Orbit displacement, CG, is measured from the center of the orbit, Cy  to the center of 
mass  of the earth, G. It is entered in (2k) to the nearest kilometer. 

Radius of perigee, GP, is measured from the center of mass  of the earth, G, to perigee, 
P. The value entered in (2m) is obtained by subtracting CG from C P  (2j - 2k). 

Orbit eccentricity, e, is the ratio of which orbit displacement, CG, is the numerator and 
semi-major axis, CP, is the denominator. The ratio is entered at (2n). 

Change in longitude of the orbit pole per day, QNRl, is given in gear ratio elements as 
the ratio, QNRl/Ml, and identified as GR1. In orbit element messages, the actual 
ratio i s  multiplied by 100 to conserve space. GR1 as given in current element se t s  is 
multiplied by 1/100 and entered in (2p) as an indexed numerator. 

Change in argument of perigee per  day, NRP1, is expressed in gear ratio elements as 
the ratio, NRPl/Ml, and identified as GR2. In orbit element messages, the actual 
ratio is multiplied by 100 to conserve space. GFZ2 as given in current element sets  is 
multiplied by 1/100 and entered in (2q) as an indexed numerator. 

Standard Brightnesses (2r) of artificial earth satellites tabulated by the ITCP are normal- 
ized to 1 megameter slant range, zero phase angle, and zero zenith distance. Standard 
Brightness values are given in dbz; i.e. decibels above o r  below the brightness of a 
zero magnitude star. Tables for predicting apparent brightness are given in a bulletin 
on Standard Brightness (ITCP Bull. Sept. 30, 1965). 
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PART 3: MAICE PRECISE INITIAL ESTIMATE OF LOCAL CULMINATION TIME 

3a date1 9 6  6 YO 7M26 I) 
3b = JNT 332 . O O O O  
3c + TNO est.. 0 0 0 .9y3 0 
3d = 3NO 332 - 9 Y S o  - -  
3e - LNO ( l j )  r*; . ~ 0 5 3  
3f =JNL 3 3 3  I183  

Choice of observation date (3a) is up to the observer. ITCP Form 4-66 -3 used in se- 
lecting days when there will be opportunities for visual o r  radio observations of a parti- 
cular satellite. 

Local mean time of orbit, TNO (3c), for the selected day is found by interpolating be- 
tween tabular entries in ITCP Form 4-66 (Appendix A, Exhibit 3). 

Initial estimate of epoch of culmination, JNL 
from local mean time, JNO 

(3f), is obtained by adjusting the epoch 
(3d), to Universal Time by subtracting LNO (3e). 

I\'OTE. In t h i s  case. subtracting a negative number (3e) is the same as  
adding a positive number of the same absolute value. This is always 
r3 .  Rules for operations with signed numbers are given in the Com- 
paiion Bulletin on Practical Arithmetic dater! Sept. 30, 1966. 

XOTE: In general, arithmetic operator symbols appear in the form in a sep- 
a ra te  column and are not to be confused with the signs of numbers. 
1-nsigned numbers are assumed to he positive. Multiplication is 
represented by an asterisk (*). 

Part  4: FIND LONGITUDE OF MEAN MIDNXHT 

3f =JNL 

4a-JNEq 330 . O O O O  

4c = E N L q  
4d * QNTl 2 7 3 7 9 - 2  

333 9 f e&!$ 

3 t as**  \ 4b = E N L q  3 . 1 ~ 3  
~ 

4e = ~ Q N T  86Z-2 
4f = dQNT 0 0 8 6  
4g + QNTo sched. . 9 
4h = QNT ' o w 5  

Longitude of mean midnight, QNTo 
ITCP Form 4-66 (Appendix A). 

Change in longitude of mean midnight per day, QNTl 
be expressed as the mixed decimal number 0.0027379 or a s  the indexed numerator 

(4g), at a specified epoch, JNEq (4a), is found in 

(4d), is invariant. The rate may 

27379-2. 

Longitude of mean midnight at culmination time, QNT 
longitude difference, dQNT (4f), and given longitude, QNTo (4g). 

(4h), is found by adding the 
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PART 5: FIND MEAN ANOMALY, LONGITUDE OF THE ORBIT POLE, and 
ARGUMENT OF PERIGEE AT EPOCH. 

5a JNL (3) ~ 3 & . 1 ~ 8 3  3 3 3 . 1 3 6 ' 1  
5b- JNE (2b+c) 

5d = ENL 1 ' ~ V 1 4 a o t Z  lQ3q770+2 

5f ENLa 3 7 7 1  I+3 
5g . M ~ * E N L ~  60338-2 
5h = M2*ENL2 0 0 6 0  0060 
5i + Ml*ENL 
5j  = d P R M  
5k = dPRM 8 W + 3  
5m dPRM*GRl 49 6+0 
5n = dQNR . I  6 5 0  
5p + QNRo (2d) rn 
5q = QNR * 3 6 2 9  

5s =dNRP - * O R 1 3  
5t + NRPo (2e) 7 2 8 ?  
5u = NRP ' 7 V Y  

5~ = ENL 

Ml*ENL 28%7243+3 2 8 8 9 0 8 1 + 3  

5r dPRM'GR2 2 1 3  2 1 - 1  

Note: 
from a second round of calculatlons. 

Figures in right-hand column are  

Time elapsed since epoch of elements, ENL 
the orbital elements, JNE 

Change in mean anomaly since epoch of elements, dPRM 
change times elapsed time, Ml*ENL 
elapsed time, squared, M2*ENLa (5h). 

(5c), is found by subtracting the epoch of 
(5b), from the epoch of culmination, JNL (5a). 

(5j), is found by adding daily 
(5i), and change per day, squared, times 

Change in longitude of orbit pole, dQNR (5n), is the product of change in mean anomaly 
times the first gear ratio, dPRM*GRl (5m). 

Longitude of the orbit pole at epoch, QNR 
QNRo (5p), and the change since epoch, dQNR (5n). 

(5q) ,  is found by adding longitude at  epoch, 

Change in argument of perigee since epochz dNRP 
mean anomaly times the second gear ratio, dPRM*GR2 

(5s), is the product of change in 
(5r). 

Argument of perigee at epoch, NRP 
epoch, NRPo (5t), and the change since epoch, dNRP (5s). 

(5u), is found by adding argument of perigee at  
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PART 6: F"D LONGITUDE OF SATELLITE AT EPOCH. 

6a PRM (5j) -7353 . Y W l  
6b IF abs. a.5 - 1  . o o o o  - 1  . o o o o  
6~ = PRM - - 1 6 V 7  
6d + MRV chart 
6e = PRV 
6f + NRP (5u) 
6g = NRV 

Mean anomaly, PRM 
dPRM 
elements, is always zero. If the absolute value of PRM is greater than 0.5, it is reduced 
by one complete turn to obtain a value in the range 0.0 * 0.5 turns so as to permit entry 
into ITCP Form 2-66 (Fig. 1). 

True anomaly, PRV 
from ITCP Form 2-66 and mean anomly, PRM, 

Longitude of the satellite, NRV 
North pole, N, around the orbit pole, R, to the true satellite, V. It is found by adding 
true anomaly, PRV, and argument of perigee, NRP, (6e + 6f). 

(sa), i s  the fractional portion of change in mean anomaly, 
(5j), plus mean anomaly at epoch, PRMo (if), which, in case of gear ratio 

(6e), is found by adding the value of MRV determined graphically 
(6c + 6d). 

(6g), i s  the right-handed polar angle measured from the 

1"RUCTIONS FOR USE CHART FOR DETERMINING 
TRUE ANOMALY (PRV) FROM 
MEAN ANOMALY (PRM) AND 
ECCENTRICITY (CG/CP) 

I .  ~.xpre6s given PRM value in rarqe: l o  !fi; 
2. -n a right-angled draftsman's tziangle with one 

edge along char1 baseline and perpehcuiar edge at 
tbe particular magnitude of PRM found in step 1; 

3. a pau of dividers SL lhal one point touches the 
vertical edge of the trrangle at the e v e n  value of ec- 
centricits (e=CC/Cq,  and the other at the baselme, 

4. M e a s u r e  wvlth the open dividers the magnitude of MRV 
on the vert~cal scale. 

if Lbe value found in step 1 18 negative). 

true anomaly = PRM +MRV = PRV 

5. -the sense Of MRV (It 1s negatxve If. and only 

6. a P R M  to MRV to obtain: 

IN THE R A N G E  Wf50 

P.L---oc- I n  .,* -....d,-*. 
m P Y  

Fig. 1. Determination of MRV = -.004, given: PRM = -.265 (6c), e = -014 (Zn). 

9 



PART 7: FIND LONGITUDE OF OBSERVER AT EPOCH. 

7a 
7b 
7c 
7d 
7e 
7f 
7g 
7h 
7 i  

RNQ = - (&) 
+ QW (4h) 
= RNT 
+ TNL (5a) 
= RNL 
+ LNO (lj)  
= RNO 
IF abs.>.5 
= RNO 

* 1  . o o o o  - -  3 4 6 0  

Longitude of observer from orbit pole, RNO 
RNQ ( -5q),  QNT (4h), TNL ( f r z o n  part of 5a) and LNO ( l j ) .  Any of these 

(7g), is found by adding together: 

variables might be expressed in negative numbers. For the convenience of those 
who do not have mechanical calculators, the form lists each addition separately. 

- IF the absolute value of RNO is greater than 0.5, provision is made for adding or  
subtracting one complete turn, as may be required, in order to reduce the value 
of RNO to the range 0.0 + 0.5 (7i) .  

PART 8: FIND LONGITUDE ERROR 

8a 
8b 

N @ pole, plot 0 @I NGO, RNO 
R @I pole. measure ORN 

8c ORN-(8bj - - f l S O  - 9  / o w  
8e = ORV a - 3 2 0 7  
8d + NRV (6g) 4 3 B 3  I Z U S  

8f go to 9a 
01 7 0  

go to 9g 

The time of local culmination, JNL 
lies on the same meridian from the orbit pole, R, as the observer, 0. Only at a time 
of local culmination will  the satellite longitude from the observer's meridian ORV 
be zero. 

(5a), is defined as the time when the satellite, v ,  
(8e), 

Longitude of north measured at the orbit pole f rom the observer's meridian, ORN 
is found by first plotting the observer's north polar coordinates, NGO (l i) ,  RNO (7i), 
on a transparent overlay pivoted at the center of a rationalized Wulff net (ITCP Form 
532), as shown in Fig. 2, then rotating the overlay by an  amount equal to the orbit incli- 
nation, NGR (2i), to permit measurement of ORN 

(8c), 

(8c) as shown in Fig. 3. 

Longitude error at epoch, ORV (8e), is obtained by adding ORN (812) and NRV (8d). 
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Fig. 2. Overlay pivoted at center 
of meridional stereographic net. 
An N-index i s  located at the pole 
of the net, and an R-index at the 
polar distance NGR = . N O 6  
The observer's station, 0, is 
plotted at the polar distance 
NGO = ,137 
angle RNO = -.324 (7i). 

(2i). 

(l i)  and the polar 

polar angles are measured by counting 
meridians from left to right. 
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PART 9: ADJUST EPOCH 

9a -0RV = -(Be) 
9b 9a/2g 
9c =dJNL 
9 d + J N L  5a 3 3 3  * I 4 8  3 
9e = JNL 3 3 3  s f 2 6 7  
9f carry to 5aT 

Approximate epoch adjustment, dJNL 
longitude error, ORV, by mean motion, M1 

(Sc), is found by dividing the negative of 
(9a/2g). 

Improved epoch, JNL 
the original JNL 
for a second round of calculations ending in a reduced longitude e r ro r ,  ORV (8e'). 

(ge), is found by adding the adjustment, dJNL (Sc), to 
(9d). The improved epoch (9e) is then carried back to (5a') 

9g -0RV = -(8eT) .I 30 0 - / 
9h 9 d 2 g  - I  I Y O - l  
9i =dJNL - 0 ~ 0 0 1  I 
9 j  + J N L 9 e  3 3 3  .la67 
9k =JNL 3 3 3  * / x S 6  

Second adjristment to epoch, dJNL 
reduced longitude e r ro r  by mean motion: M1 

(%!, is fmnd by di-zidhg the negative of the 
(9g!2g). 

Further improved epoch: JNL 
epoch, dJNL (%), and the improved epoch, JNL (9j). 

(9k), is found by adding the second adjustment to 

PART 10: FIND AZIMUTH AT CULMINATION TIME. 

lob + (9i) - . o o  I I  
10c = RNO - . 3 Y U  
1Od N @ pole, plot 0 

1Oe 
1Of 

1% 
1 Oh 
1 O i  
lOj 
1Ok 
10m 

@ RNO = lOc, NGO = l j  
draw N - tan at 0 
R @ pole, plot V 
@ NRV = NRO, NGV = . 2 5 
draw V - tan at 0 
meawlre W V .  NOV 
OGV on merid: . O H  
NOV prot. @ 0 6 6 7  
1.0 - NOV = - 133 
az. = 10k*360* = 4 8: 

Observer longitude at epoch, RNO 
cjn the previous round of calculations, (7i'). by the time difference (9i). 

( 1 0 ~ ) .  i s  obtained by adjusting the value obtained 

Polar distance of satellite from observer, OGV 
graphic net as shown in Fig. 5b. 

(IOi), is measured on the stereo- 

Topocentric satellite direction, NOV ( l O j ) ,  is the right-handed polar angle measured 
with a protractor from the direction of north, N, a r o s d  the observer's positios, 0, to 
the direction of the satellite, V, as shown in Fig. 6. 
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pig. 5b. Overlay positioned with R at 
pole of net. A tangent to the O-meridi- 
an is drawn at 0. The terminal lying in 
the same direction as V is marked V. 
The polar distance, OGV, is found to b 
.019 
graduations along the meridian. 

(1Oi) by counting small circle 

Fig. 6. NOV, the right-handed 
polar angle from Nmeasured 
around 0 to V is found to be 
.867 ( l O j )  by measuring with a 
percentage protractor * the 
angle formed by the two tangent 
lines. Azimuth is measured in 
degrees f r m  north through 
east. Azimuth may be deter- 
mined from NOV or measured 
directly with a protractor 
graduated in degrees. Either 
wav, azimuth is found to be 
48= (lh). 

*Available at stationary stores: 
C-thru Ruler Company # P-257 @ 50C. 
or Keuffel & &seer Co. #1280 @ $1.50. 
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PART 11: FIND SLANT RANGE AND ELEVATION 

l la  PRM (6c') 

l l c  = PRM 
l l b  - @e') 

l l f  = G V  
l l g  = GV ? O b i  k m  

Satellite radius ratio, GV/GP ( l ld) ,  is measured from ITCP Form 3-66 as shown in 
Fig. 7.  

Satellite radius, GV ( l l f ) ,  ( l l g ) ,  is found by multiplying radius ratio t imes perigee 
radius, (1 ld*l  l e ) .  

m r  Y 

Fig. 7. Determination of GV/GP =1.025, given PRM = .3971 (llc), e = -014 (2n). 
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PART 11: (continued) 

l l h  plot on finder @GO = lk, 
lli V@GV = l l g ,  OGV = 1Oi 
1 l j  X@VX // GO, VX = GO 
I l k  OV=GX finder 070 k m 
l l m  OGX finder I47 
l l n  .250 - l l m  1 0 3  
1 l p  elev. = lln*360° 3 7? 

Fig. 8. Observer's position, 0, plotted along the base of finder at GO = 6369 lcm (lk). Satellite 
position, V, is plotted at GV = 7061 Ian ( l lg)  along the radial  OGV = .019 (101). X is plotted on a 
line parallel to GO, a t  a point where VX = GO. OV = GX and is found to be 1070 km (Ilk). The 
polar distance OGX is found to be .147 ( l lm),  from which elevation in degrees can be determined. 
Elevation can also be measured from the perpendicular at G, using a protractor calibrated in de- 
g r e e s .  Either way, the apparent elevation of the satellite abwe the horizon is found to be 370 (l lp).  

Slant range from observer to satellite, OV 
fig. 8 by counting divisions from G to X. OV = GX. 

Zenith distance, OGX ( l lm),  is also found as shown in Fig. 8. 

Elevation above the observer's horizon ( l l p )  may be found by multiplying 1/4 turn less 
zenith distance times 360 (11 n, l lp ) ,  o r  measured directly with a degree protractor 
from the perpendicular of the finder. 

(I lk),  is found graphically as shown in 
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PART 12: FIND CrVIL DATE, HOUR, and MINUTE OF EPOCH. 

U.T. Month and day (12b) are determined from the integral part of J N L  (12a) by 
reference to tables given in Bulletin on EPOCH SPECIFICATION (ITCP Bull. Dec. 30, 
196 5). 

U.T. Hours (12b) are found by multiplying the fractional part of JNL 

Minutes (12b) are found by multiplying the fractional part of hours by 60. 

Civil month, day, hour and minute of local culmination (12d) are found by adding the 
observer's time zone 
culmination. 

(12a) by 24. 

(12c) to the U.T. month, day, hour and minute (12b) of local 

Note on Arithmetic Operations. The only time those who do not have access to a desk cal- 
culator will have to perform arithmetic operations off form ITCP 6-66 is when finding 
Ml*ENL (5e, 5e') to seven o r  more significant digits. All other products and quotients 
are found with sufficient accuracy with a spiral slide rule. The particular values of (5e) 
and 
rounding as follows: 

(5e') in the sample prediction were hand calculated by the method of progressive 

1486 816 + 2 
1941930+2 
1486816- li148G81G 0 

59473 4'14868 :? 
1487 1'14%. 8 
1338 9'148 7 

45 3*14 9 

.n*c.<..< , . I - . - - * *  I 

I66cilJ* J'IYOOC1 'J 

2887353+3 

1486816+2 
1939770+2 
1486816 1'1486818.3 
1338134 9'148681 G 

44605 3"14868.2 
13381 Q"148F e 

1041 7"14F 7 
104 7-74 9 

2884081+3 

In the above examples the screened numbers show operations carried out in the hesd. The 
method is described in greater detail in a Bulletin on Practical Arithmetic (ITCP Bull. 
Sept. 30, 1966). 

RADIO OBSERVERS STOP HERE 
17 



PART 13: TEST SKY DARKNESS, SATELLITE BRIGHTNESS. 

13a RNT (7c) a . 2 6 7 6  

= RNS - A 6 3 2  
13b + TNS sched ,::,, . 0 0yy 

IF abs.>.5 * 1  . o o o o  
13c = RNS *rr . a 6 3 2  
13d NGS sched .3 0 Y 6  
13e 
13f 
13g measure SGO on net 

N @I Pole, plot S 
@I NGS = 13d, RNS = 1 3 ~  

13h SGO on merid. - 1  8s 
. z o o  

13j SKY: Dar Bright 
13k measure SGV on net 
13m SGV * I  w 
13n MINSGV@ G 
13P SAT. Dark,&' 

Longitude in mean midnight, RNT 
the orbit pole, R, around the north pole, N, to the mean midnight meridian, T. RNT is 

(13a), is the right-handed polar angle measured from 

taken from (7c). 

Equation of time, TNS 
midnight meridian, T, around the north pole, N, to the earth's shadow center, S. TNS at 
JNL 
Exhibit 3. 

(13b), is the right-handed polar angle measured from the mean 

(9k) is found by interpolating between values given in ITCP Form 4-66, Appendix A, 

Polar distance of earth's shadow center, NGS 
pole, N, to the earth's shadow center, S. NGS at JNL 
between values given in ITCP Form 4-66, Appendix A, Exhibit 3. 

Polar distance of observer from shadow center, SGO 
earth's shadow center, S, to the observer, 0, as shown in Figs. 9 and 10. 

Maximum polar distance, hIAX SCO 
astronomincal twilight. MAX SGO does not change. If SGO is greater than .200 (13i), 
the sky will be too bright for visual observation of any but the very brightest earth satel- 
lites . 

(13b), is measured from the north 
(9k), is found by interpolating 

(13h), is measured from the 

(13i), determines the beginning and ending of 

18 
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PART 13: (continued) 

TABLE 2 

Minimum Polar  D i s t a n c e s  
(SGV) from Center  of E a r t h ' s  
Shadow, S, for %tical Ob- 
sezvat ions on Satellites at 
Se lec ted  Radial  D i s t a n c e s  

GV 
(km. ) 

6400 
6500 
6600 
6700 
6800 
6900 
7930 
7 'Loo 
7 200 
7300 
7400 
7500 
7600 
7700 
7 800 
7 900 
8000 

8500 

9000 

9500 

lo000 

10500 

11000 

11500 

12000 

- 
13000 

- 
14OOO 

- 
15000 

2oooo 
- 

SGV Min 

( t u r n s  ) 

.237 
-219 
.208 
.200 
.194 
.188 
.182 
.178 
-173 
.169 
.165 
.162 
.158 
.155 
-152 
-150 
.147 

.135 

.125 

-117 

. 110 

.lo4 

.098 

.094 

.089 

.082 

.075 

.070 

.OS2 

20 

Fig. 11. Overlay rotated until both S and 
V lie on the same meridian. The polar 
distance, SGV, i s  found to be .190 (13m) 
by counting small circle graduations along 
the meridian. 



PART 13: (continued) 

Polar distance of satellite, SGV 
to the satellite, V, as shown in Fig. 11 

Minimum polar distance for satellite to be seen in sunlight, MIN SGV @I GV (13n), is 
taken from Table 2 for the value of GV found at (l lg).  

(13m), is measured from the earth's shadow, center, S, 

If SGV is greater than MIN SGV, the satellite will  be in sunlight. 

PART 14: FIND APPAFEN" BRIGHTNESS OF SATELLITE. 

14a R @I pole, plot X on 
0 merid. @ OGX = l l m  

Fig. 12. Overlay positioned with R a t  the 
pole of the net. X, the apparent position 
of the satellite, is plotted on the O-merid- 
ian in the direction of V a t  a polar dis- 
tance, OGX = .147 (llm). 

21 



PART 14: (continued) 

14a 

14b measure SGX on net 
14c SGX on merid 
14d enter and scale from 

brightness charts: 
14e phase @I 14c - 2 7 db 
14f + range @I I lk  - 0 . 5 d b  
14g + Z .  dist @l lm-  0 . 9  db 

R @ pole, plot X on 
0 merid. @I OGX = l l m  

-13 4 

14h = net gain - 4 . I d b  
14i + Std. Brtn. 
14j = App. Brtn. 
14k + db/m - 4 . 0  

-26 . 0 dbz 
‘2 y . I db z 

- ~~ 

14m= App. Mag. 6 .On1 

Phase angle, SGX 
position of the apparent satellite, X, as seen by the observer. SGX is found a s  shown in 
Figs.  12 and 13. 

(lk), can be measured from the earth’s shadow center, S, to the 

Fig. 13. Overlay is rotated until S and X 
lie on the same meridian. The polar 
distance, SGX, i s  found to be 2 3 4  (14c) 
by counting small circle graduations 
along the meridian. 

22 



PART 14: (continued) 

LE 

N 

Gain with phase angle, (14e), is found by entering Gain Chart at (14c). 

l l l l , l l l  I I I I I I I I I  I I I I I I I I I  I l l l I l I I l  I I I I I I , , ,  
I '  I 

Gain wi th  slant range, (14f), is found by entering Gain Chart at (Ilk). 

ICE 

I 

Gain with zenith distance, (14g), is found by entering Gain Chart at ( l lm) .  

I I I I I I I I I I I t  I I I I 

I I 1 1 '  

Apparent brightness in decibels, (14j), is evaluated above or below the brightness of a 
zero magnitude star. Apparent brightness is found by adding net gain 
a rd  brightness 
comes available. 

(14h) and stand- 
(14i). ITCP lists Standard Brightness Tables as the information be- 

Apparent magnitude, (14n), is found by dividing apparent brightness (14j) by -4.0. 

OEPENDENT TRACKING COORDINATION PROGRAM 
8P4 Conrrctwut A n n u  WwLyton 6. 0. C. 

STANDARD BRIGHTNESS AS A FUNCTION OF PROJECTED AREA 
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I PART 15: FIND APPARENT POSITION AND MOTION FOR MAPPING I N  STAR CHART. 

15a N @ pole draw N_tan @ X 
15b RNX-from net 
15c + QNR (5q) 
15d = QNX 
15e - 1/4 turn . 2 5 0  

15g * 24H/day 2 3  HA94 
15f = R. A. in days ___j . '98 9' 

15h + fract*GOM/H M 
15i = R. A. i$ .!: :-' M 
15j NGXon merid. 1 6 3  - -  
15k .250 - NGX = .7 

0 15m Decl. = 15k*36Oo 
15n Rapole  draw R-tan @I X 
15p NXR protractor .4-9 

Longitude of apparent satellite, RNX (15b), is the right-handed polar angle measured 
from the orbit pole, R, amund the north pole, N, to the apparent satellite, X. RNX is 
found, as shown in Fig. 14. 

Apparent longitude from ecliptic pole, QNX (15d), is found by adding QNR and RNX 
(15c + 15b). 

Apparent right ascension, R.A. in days (15f), is found by subtracting .250 turn from 
BNX (15d - 15e). Right ascension is a polar angle measured from the first point of 
Aries ,  the longitude of which is always ,250. 

Apparent right ascension in hours and minutes, R.A. 
times 24 hours/day and then multiplying remainder by 60 min/hr. 

Apparent polar distance, NGX (15j), is found as shown in Fig. 14. 

Apparent declination, Decl. 
Decl. is found by subtracting NGX from .250 (15k), and then multiplying by 360°/turn. 

Perpendicular to the apparent path at culmination, NXR 
14 and 15. 

R.A., Decl. and NXR may be used to plot the predicted position and motion of the satel- 
lite in the star field, as shown in Fig. 16. 

(15i), is found by multiplying days 
(15g, 15h). 

(15m), is measured positively northward from the equator. 

(15p) is found as shown in Figs. 

24 
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Fig. 14. Overlay positioned with N 
at the pole of the net. A tangent to 
the X meridian i s  constructed at X, 
the northward terminal of which is 
marked with the letter N. RNX i s  
found to be -.126 (15b) by count- 
ing meridians from R to X. The 
polar distance, NGX, i s  found to be 
.lo3 (15j) by counting small circle 
graduations along the meridian. 
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Fig. 16. 
R.A.=23€i 41M (15i), Decl. =53' (la), and NXR=.692 (15~) .  Apparent path at culmination i s  alway 
perpendicular to the direction of the orbit pole, NXR (15p). Apparent motion along path. indicated by 
arrowhead, will be away from North Pole if, and only if, ORN (8c) is negative (see note on ng. 3, p. 11 

Apparent satellite position and motion as plotted on a Scalnate Pleso Star Chart at 
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APPENDIX A 

I Preparation of Orbit Schedule 

I 

I 
, A selection of current gear ratio elements of some of the brighter satellites is given 

The one-line element sets a r e  reproduced in the same form in which they ap- below. 
peared in a routine ITCP Current Gear Ratio Element Announcement. I 

EXHIBIT 1 

~ 

Current Gear Ratio Elements Derived bv NASA GSFC from N O W  Data as of 39317.9 

M P  lplQl APFWl 
6511 26%121g785752 

122426 2998515214904 
0052793042514826 764791 191821 52727 14 
00613930500476179400146823 1665715229147 
0074@9314919189061630?@37@1 1189813362057 
01085931258918183014399063 749814851965 
0 1 09 8931372 89 9 5 52'78787 2 87 10 7382 1486 8 16 3 

The above data were used in filling in a Form for Calculating TNOn, TNOs, 
and 19*TYF.1 (ITCP 5-66] 3s ~O!!OWS: 

The constant angle, RNOn (item r) in each case was determined by the method des- 
cribed on page 2 of the bulletin on SCHEDULING TIMES OF ORBIT APPROACH, (ITCP 
Bull. Mar. 27, 1966). Other items listed in the form are self-explanatory. 

are taken f rom items (s) and (t) above. Subsequent values are obtained by successively 
adding 1O*TNRl (item w). 

In ITCP Form 4-66 (below) the initial values of TNOn (item s), and TNOs (item t) 

27 



APPENDIX A EXHIBIT 3 

ITCP 4-66 

SCHEDUW OF LOCAL MEAN TIME OF ORBIT 
= TNO and TNO , for NGO = . 137 n 9 

J-NL = 39320. C 39330.0 39340.0 39350.0 
QNT = 1.059485 

S 

I 086864 ,114243 .141622 
39360.0 39370.0 
.169002 I. 196381 

Note on Momting Stereographic Net with Central Pivot. The Rationalized Meridional 
Sterscgraphic Projection of the Hemisphere (ITC P 532) obtainable from the Independent 
Tracking Coordinating Program is printed on thin stock. To prevent damage and insure 
dccuracy, it should be mounted on a stlff support with a central pivot. Bristol board o r  
similar stiff paper wi l l  serve as a support, and a thumbtack can be used as a pivot. Be- 
fore  mounting, dig out a shallow recess at the center of the board just deep enough to ac- 
commodate the head of the thumbtack, and make a small registration hole at the center of 
the net. 
the back of the net with a thin coat of rubber cement. When the surfaces are tacky, care- 
fully register the net on the point without letting the surfaces come in contact, then press  
down to contact, wor- out from the center. Tn keen tiqnie nverIzy= 
central pivot point, put a small patch of reinforcing tape on each side before making a 
pivot- hole. 

Glue the thumbtack point-up in the recess. Then coat the top of the board and 

%;riy- 2, ..* e. a ~ =  U.b 

Additional copies of ITCP forms are available upon request. 

28 
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INDEPENDENT TRACKING COORDINATION PROGRAM 
624 Connecticut Avrnu 

Washington 6, D. C 

September 30, 1966 

E B U L L E T I N  

PRACTICAL ARITHMETIC 

A GREAT DEAL OF COMPUTATIONAL EFFORT in making satellite predictions can 
be avoided by first rationalizing all  measurements, and then by using mixed rationalized 
numbers for  addition and by using equivalent indexed numerators for  multiplication and 
division. The purpose of this bulletin is to suggest rules for arithmetic operations on 
rational numbers that lend themselves to slide-rule computation and shortened forms of 
digital multiplication and division. 

A RATIONAL NUMBER is defined as any number that can be completely expressed as 
the ratio of two whole numbers. Pi, the ratio of the circumference of a circle divided 
by its diameter is a real number, but can only be approximated by a rational number 
to as many significant digits as are needed. 

&DUCTION OF PROPER FmCTIONS TO RATIONALIZED FORM greatly simplifies 
arithmetic operations. Addition of two mixed numbers should automatically produce a 
number of the same kind. A mixed number is defined as a whole number plus a fraction 
of which the numerator is less than the denominator. (i.e. a proper fraction). The fol- 
lowing sums are not mixed numbers: 

- 

1 5/8 270" = 270/360 

A RATIONALIZED PROPER FRACTION is obtained by diviaing the numerator of a 
proper fraction through by the denominator. When this is done prior to addition, the 
sums automatically become mixed numbers, as follows: 

270" = ~ . ~ u , ~ y o u  = 6 73 1 5/8 = 1.625 
+ 180" = 180/360 = 0.50 + 2 7/8 = 2.875 - 

4.5000 = 4 500/1000 1.25 = 125/100 

NOTE: A rationalized fraction in decimal notation has an integral power of 
ten as  the denominator. In binary notation, a rationalized fraction has an 
integral power of two as  the denominator. In either system of notation, a 
rationalized expression i s  obtained by dividing the numerator of a fraction 
through by the denominator. 

Society of Photographic Scientists and Engineers 



ARITHMETIC OPERATIONS WITH SIGNED NUhIBERS obey the following rules: 

Negative numbers are prefixed with a minus (-) sign; 

Positive numbers may be prefixed with a plus (+) sign; 

Unsigned numbers are assumed to be positive; 

The absolute value of a number is the value of that number taken without 
regard to its sign; 

A minus B is found by changing the sign of B and adding; 

The sum of any two numbers of like sign is the sum of their absolute 
values prefixed by their common sign; 

- 

The sum of any two numbers of unlike sign is the difference between 
their absolute values prefixed by the sign of whichever has the greater 
absolute value; 

The sign of A times B (A*B) will  be negative if, and only if, A and B 
have unlike signs; and 

The sign of A divided by B (A/B) will  be negative if, and only if ,  A and 
B have unlike signs. 

ANY MIXED RATIONALIZED NUMBER can also be expressed as the product of a 
proper fraction with as many zeros in the denominator as there are digits in the nume- 
rator (not counting initial zeros) times the base raised to an integral number of pow- 
ers. In decimal notation, the base is ten; in the binary number system used in most 
computers, the base is two. In either system, the number of powers is defined as the 
- index. The numerator of such an expression, followed by its mdex, completely defines 
the number. Conversion from mixed rationalized numbers to such indexed numerators 
and vice versa is illustrated by the following: 

Mixed Rationalized 
Number 

Indexed Numerator 

37.2 (372/1000)*1@ = 372+2 
0.00372 = (372/1000) * 10” = 372-2 - -372.0 = -(372/1000) * lo3 = -372+3 
0.372 = (372/1000)*10° = 372+0 



INDEXED NUMERATORS are used to store rational numbers in scientific computers. 
Some sort of numerator indexing scheme is essential to practical use of slide rules 
and shortened forms of digital multiplication and division. Rules for finding the product 
index and the quotient index work as well  wi th  desk calculators as they do with slide 
rules. They are as follows: 

The product index is the multiplicand index plus the multiplier index 
less 1 unit if,  and only if, the absolute value of the 
product numerator is greater* than that of the multiplier. 

The quotient index is the dividend index less the divisor index 
plus 1 unit if, and only if, the absolute value of the 
dividend numerator is greater* than that of the divisor. 

*In testing which of two numerators has the greater absolute value, 
let each have the Same number of digits. 

SLIDE RULES CANNOT REGISTER MIXED NUMBERS. Examination of the outer 
scale of the Atlasf slide rule disc shows numbered divisions from 10 through 99 and 
back to 10. Unnumbered subdivisions permit registration of numerator values to at 
least three significant digits on this outer scale. There is no way in which a number 
beginning with zero can be registered. The spiral scale of the Atlas rule consists in a 
continuous spiral of 25 turns with numbered divisions from 1000 through 999, and 

subdivisions permitting registration of numerators with an uncertainty of 
fifth significant digit. 

TO MULTIPLY WITH THE ATLAS SLIDE RULE, first set the long transparent indi- 
cator opposite the multiplicand numerator; then set the short transparent indicator to 
10 = 100 = 1000. Holding the long indicator w i t h  thumb and forefinger, and without 
disturbing the relative position of the short indicator, move the circular disk until the 
multiplier numerator appears opposite the short indicator. The product numerator is 
found under the long indicator. To find a product numerator to more than three sig- 
nificant figures, first use the outer scale to find the most significant digits of the pro- 
duct numerator. Then use this value to determine which turn on the spiral from which 
to read the more precise product numerator, following the same procedure for entering 
the multiplicand and multiplier numerators on the long spiral scale. The product 
index is dereruiiii& 57 the rule given above. 

TO DIVIDE WITH THE ATLAS SLIDE RULE, first set the long indicator opposite the 
dividend numerator, then set the short indicator opposite the divisor numerator. Holding 
the long indicator between thumb and forefinger, and without disturbing the relative posi- 
tion of the short indicator, move the circular disc until the short indicator appears op- 
posite 10 = 100 = 1000. The quotient numerator is found under the long indicator. To 
find a quotient numerator to more than three significant figures, first use the outer 
scale to find the most significant digits of the quotient numerator. Then use this value 
to determine from which turn on the spiral to read the more precise quotient numerator, 
following the same procedure for entering dividend and division numerators in the long 
spiral scale. The quotient index is determined by the rule given above. 

fAtlas Slide Rule, No. 1797A, Eugene Deitzgen Co., Chicago, ($15.75) 



SHORTENED DIGITAL MULTIPLICATION by the method of progressive rounding is 
illustrated by the following example: 

1486816+2 1 m + 2  
1939770+2 $$$$?70+2 
1486816 1*14868 16.0 1486816 
1338134 0*1486181.6 1338134 

44605 3*148C8.2 44605 
13381 9*1485.8 13381 

1041 7*148.7 1041 
104 7*14.9 104 

2884081+3 2 88408 1 +3 
Note that multiplicand and multiplier are entered as indexed numerators. The screened 
figures in the above example illustrate operations normally carried in the head. The 
right hand set of figures shows the completed algorithm as it would normally appear on 
paper. The first partial product is obtained by multiplying the entire multiplicand 
numerator by the most significant digit in the multiplier numerator. On completion of 
the first partial product, the first digit in the multiplier numerator is marked off, and a 
decimal point is inserted just before the last digit in the multiplicand numerator. The 
second partial product is obtained by multiplying the reduced multiplicand numerator by 
the second digit of the multiplier numerator, and rounding to the nearest integer. On 
completion of the second partial product, the second digit of the multiplier numerator is 
stricken, and the decimal point in the multiplicand numerator is moved one place further 
to the left, and so on until there are no remaining digits. In obtaining a partial product, 
the value to the right of the decimal point is rounded to the most significant digit, and 
its product with the multiplier digit is rounded to determine the digit, if any, to be car- 
ried into the units column. The product index is determined by the rule given above. 

SHORTENED DIGITAL DMSION by the method of progressive rounding is illustrated 
by the following example: 

357942~2) 53849S3 (150443i-2 3.57342+2) 538498+3 (150443+2 
' 357942 1;357!412.0 

180556 
178971 5%5294 f 
1585 

Ci*3 57 9.4 
1432 4xJ57.9 - 
153 
143 4+335.8 
-m 

357942 
180556 
178971 

1585 
1432 

153 
- 

143 
10 
7 
3 

- 
- 

Note that dividend and divisor are entered as indexed numerators. The screened figures 
in the above example illustrate operations normally carried in the head. The right hand 
set of figures shows the algorithm as it would appear on paper. After each attempt to 
subtract an integral product from the dividend o r  dividend remainder, the decimal point 
is moved one position to the left in the divisor. In obtaining each integral product, the 
value to the right of the decimal is rounded to the most significant digit whose product 
w i t h  the current quotient digit is then rounded to determine the digit, if any, to be 
"carried" to the digit column. If, and only if, the final remainder is greater than one-half 
the final divisor, add one unit to the absolute value of the quotient numerator. The quo- 
tient index is determined by the rule given above. 

PRODUCT AND QUOTIENT NUMERATORS calculated by the method of progressive round- 
h g  may differ by a unit or so from those found with a desk calculator because of an exc 
or deficit of strengthened figures. In scientific applications, where calculations are cus- 
tomarily carried to one more decimal figure than the degree of accuracy of the data, such 
differences are insignificant. 

* 



INDEPENDENT TRACKING COORDINATION PROGRAM 
824 Connecticut Avenue 

Washington, D. C. 20006 

B U L L E T I N  

August 23, 1966 

m 
CATALOG NUMBERS (NCAT) AND POPULAR NAMES CORRESPONDING 
TO IDENT DESIGNATIONS OF UNCLASSIFIED EARTH SATELLITES 

IN ORBIT AS OF 39347.0 (August 10, 1966) 

NOTE: D e b r i s  not l i s t e d  in tnis index:  ( a )  F r a g m e n t s  of 1961 
O m i c r o n  rocket: NCAT 118-139; 141-142; 144-159; 161; 172; 175-179; 

268; 2-75; 299-301; 317-337; 350-358; 401-421; 461-480; 516; 530-531; 
537-552; 556-561; 643-662; 1500-1501; 1942-1943; 2010; 2087; a n d  (b) 
F r a g m e n t s  of T i t a l  I I I C  (1965 8 2 A ) :  1640-i652; 1684-1700; 1709-1725; 

210-212 ; 216 i 223-225 ; 230; 232-239 j 243-246 i 250 i 252-254; 260-265 j 

1746-1770; 1819-1825; 1827-1837; 1861-2 1848-1853; 1855-1860; 1880- 
1900; 1912-1923; 1925-1930: 1956-1965; 1969-1981; 1984-1993; 1999; 
2041-2054; 2079-2084; 2100-2103; 

IDENT 
1938 O l A  
1958 O2A 8ETA 1 
1958 OZB BETA 2 
1958 02C BETA 3 :e 1 354 
1959 0 9 A  I O T A  1 

1960 0 2 A  
1960 028 
1960 02C B t T A  3 
1960 02D 8 E T a  4 
1960 038 GAMY4 2 
1960 03D GAMYA 4 
1960 0 6 A  
1960 0 7 A  
1960 078 ETA 2 
1960 0 7 C  
1960 D7D t T A  4 
1960 07k t l A  5 
1960 0 9 A  I O T A  1 
1960 098 

1953  098 1 o T a  2 

1938 OLA 
1958 O2A 8ETA 1 
1958 OZB BETA 2 
1958 02C BETA 3 

1176 
1959 OSd 
1953  098 
1960 0 2 A  
1960 028 
1960 02C 
1960 02D 
1960 038 
1960 03D 
1960 0 6 A  
1960 0 7 A  
1960 078 
1960 0 7 C  

I O T A  1 
1 o T a  2 

B t T A  3 
6 E r a  4 
GAMY4 2 
GAMYA 4 

ETA 2 

1960 0 7 D  t T A  4 
1960 07k t l A  5 
1960 0 9 A  I O T A  1 
1960 098 
1960 09C 
1960 0 9 D  
1'460 0 9 E  
1960 13A 

1960 1 4 A  
1960 148 
1960 14C 
1960 14D 
1960 1 6 A  
1960 l 6 B  
1960 16C 
1960 l 6 D  

1960 138 

X I  2 
X I  3 
X I  4 
P I  1 

I O T A  3 
I O T A  4 

NU P 

P I  3 
P I  4 

ALPH4 2 

DELTA 3 

RHO 3 
RHO 4 

SIGMA 3 
SIGMA 4 
U P S I L O N  1 

EXPLORER 1 
ROCKET BOUY 
VANGUARD 1 
LIEBRIS 
VANGUARD 2 
VANG 2 R 
VAULUARD 3 
tXPLf lHER 7 
ROCKET BODY 
TlKOS 1 S 
T I R I J S  1 
DEBRIS  
DEBR I S 
TRANSIT 1 B  
NONE 
MIDAS 2 
TRANSIT 2A 
GREB 
TRANS 2A K 
DEHK IS 
DEBR I S 
ECHO 1 
ECHO 1 R 
OEBRIS  
DEBRIS  
D E B R I S  
COURIER 1 B  
LIJUK.iS f?. 
EXPLORER 8 
ROCKET BODY 
D E B R I S  
DEBR I S  
T IROS 2 
TIROS.2 R 
DEBR I S 
DEBRIS  
SAWOS 2 
ROCKET BODY 
ROCKET 
DEBR I S 
EXPLORER11 
TRANSIT  4 A  
INJUN-SR-3 
T IROS 3 
T I R O S  3 R 
D E B R I S  
DEBR I S 
M I D A S  3 
DEBR I S 
D E B R I S  

M I D A S  4 
.EXPLORER 12 

NCAT 
00004 
00016 
00005 
01576 
0001 1 
00012 
00020 
00022 
0002 3 
OOOZd 
00029 
00101 
00115 
0003 1 
00093 
00043 
00045 
00046 
00047 
OOM40 
00841 
00049 
00050 
0005 1 
00052 
00053 
00058 
00059 
0OObV 
00062 
00069 
00105 
00063 
00064 
00074 
00075 
00070 
00079 
00082 
00085 
0 0 1 0 7  
00116 
00117 
00 162 
00165 
00 166 
00167 
00163 
00188 
00196 
00170 
00192 

2158; 2333; 2340. 
IDENT 

1961 2 8 C  A DELTA 3 
1961 2 8 D  A DELTA 4 
1961 2 d E  A DELTA 5 
1961 28F A DELTA 6 
1961 3 1 A  
19b l  318 
1961 31C 
1962 0 2 A  BETA 1 
1962 0 2 B  B t T A  2 
1962 OZC dETA 3 
1962 020 BETA 4 
1962 0 6 A  Z6TA 1 
1962 0 6 B  
1962 1 0 6  
1962 1OC KAPPA 3 
1962 10D KAPPA 4 
1962 15A 
1962 1 5 8  
1962 25A 
1962 2 5 8  
1962 25C A ALPHA 3 
1962 2 5 0  A ALPHA 4 
1962 29A 
1962 298 
1967 39A 

D E B R I S  
bEDR I S 
DERR I S  
D E B R I S  
TRANSIT 48 
TRAAC 1 
TTANS 48 R 
T I R O S  4 
R D C K E T  BODY 
dEHR I S 
DERRIS  
LIRE. SOL.0BS 

NONt  
QUME 
0. s,o. IR 

NONE 
A R I k L  1 
A R I E L  1R 
T I R U S  5 
T I R O S  5 R 
DERRIS  
DEBRIS  
TELSTAR 
TELS 1 R 
NnNF 

1962 396 A OMICRON 2 ricl;NZ 
1962 39C NONE 

f;:: z;; T I R O S  6 
ROCKET 

T IROS 6 R 1962 +iii 
1962 47C A 
1962 4 7 0  A 
1962 49A 
1962 4 9 B  
1962 49C B 
1962 49D 8 
1962 51A B 
1962 5 8 4  
1962 59A 6 
1962 6 0 A  
1962 608 
1962 6 7 A  B 
1962 678 B 
1962 6 7 E  8 
1962 67F t3 
1962 6 8 A  
1962 686 
1962 7 0 A  
1962 7 1 A  
1 9 6 2  718 I3 
1962 71C 
1 9 6 2  7 1 D  B 

P S I  3 
PSI 4 

ALPHA 
ALPHA 
GAMMA 

LAMBDA 

TAU 1 
TAU 2 
TAU 5 
TAU 6 

P S I  2 

P S I  4 

3 
4 
1 

, I  

..---.c 
l J C U , \ i ;  
D E B R I S  
ALOUE TTE 
ALOUET R 
DEB2 I S  
DEBRI  S 
EXPLORER 14 
NONE- - 
EXPLORER 15 
ANNA 1 B  
ANNA 1 6  I( 
OEBRI  S 
I N J U N  3 
DEBRIS 
D E B R I S  
K E L A Y - ~  
RELAY 1 R 
EXPLORER 16 
TRANSIT  5 A  
D E B R I S  
TRANS 5 A  R 
D E B R I S  

. I  

NCAT 
001y4 
00195 
02009 
02371 
00202 
00205 
00204 
00226 
00227 
00228 
00229 
00255 
0 0 2 5 7  
0027 1 
00273 
002 74 
00285 
00288 
00309 
00311 
00312 
00313 
00340 
00341 
00369 
00370 
00378 
00388 
0039 7 
00398 
00399 o ( j 4 ~ . ~  
00424 
00426 
00510 
0051 1 
00432 
00444 
00445 
00446 
0044 7 
00502 
00504 
00513 
00520 
00503 
00515 
00506 
00509 
00514 
00519 
0052 3 



TDENT NCAT IDENT NCAT IDENT - 
0 3A 
04A 
0 4 8  
0 5A 
056 
0 5 c  
05D 
09A 
13A 
1 3 8  
1 4 A  
1 4 8  
1 4 C  
140 

i 9 6 3  44E 
1 4 F  
14G 
14H 
14J 
14K 
14L 
1 4 M  
14N 
14P 
14Q 
14R 
1 4 5  
14T 
14U 
14V 
14W 
14X 
14Y 
142  
14A 1963 1 4 ~  
22A 
2 2 8  
2 2c  

1 9 6 3  2 2 0  
24A 

2 4 C  

1 9 6 3  2 5 8  
1 9 6 3  26A 
1 9 6 3  27A 
1 9 6 3  30A 
1 9 6 3  3 0 8  
1 9 6 3  30C 

3 0 0  
30E 
3 1 A  
3 1 6  
38A 
3 8 8  
3 8C 
3 8 0  
3 BE 
3 8F  
39A 
3 9 8  
3 9 6  
43A 
4 38 
4 3 0  
46A 
47A 
478  

1 9 6 3  47D 
1963 47E 
1 9 6 3  47F 
1 Y 6 3  47G 

1963 4 7 J  
1 9 6 3  49A 
1 9 6 3  498  
1 9 6 3  49C 
1963 490 
1963 49E 
1963 4 9 f  
1 9 6 3  53A 
1 9 6 3  5 3 8  
1 9 6 3  53C 
1 9 6 3  5 3 0  

2 4 8  

1 9 6 3  2 4 ~  

1 9 6 3  4 7 c  

1 9 6 3  47n 

NONE 
SYNCOM 1 
ROCKET BOD 
DEBK I S  
NONE 
NONE 
NONE 
t X P L .  1 7  
TELSTAR 2 
TELSTAR 2 2  
NOYE 
NONE 
NONE 
NONE 
NONE 
DEBR I S 
DEHR I S 
UEBR I S 
DEBY I S 
DERRIS  
DEBRIS  
DEER I S 
OEBR I S 
DEAR I S 
DE8R I S 
DEB3 I S 
DEBRIS  
DEER I S 
DEB? I S 
OEBR I S 
DEB3 I S 
DEBR I S 
DEBRIS  
DEBR I S 

ADEBR I S 
BDEAli I S  

TRAUSIT A2 
TRAYS A2 ? 
OtBR I S 
OtBR I S 
TIROS 7 
TIROS 7 R 
UEBR I S 
DEBS I S 
NONE 
GEO RSCH 
NONE 
NOYE 
NONE 
NONE 
BALLOON 
DEB4 I S 
SYNCUM 2 
ROCKET BOD 
KOCKE T 
NONE 
NONE 
DERRIS 
DEB3 I S  
DEBR I S 
YONE 
TETRA-2 
DEHR IS 
PULYOT 1 
DEER I S 
DEER I S 
kXPLORCR 1 
CENTAUR 2 
DERH I S 
b E R B I  S 
DkBR I S 
UEBR I S 
DEBS I S 
DEHR I S 
DtBR I S 
DEBR I S 
ROCKET 
NONE 
NONE 
DE8R I S 
DERR I S 
DE8R I S 
t X P L D R € R 1 9  
€ X P L  1 9 R  
OEBR IS 
D E B R I S  

- 
53E 
5 3F 
53G 
53H 
54A 
5 4 8  
5 4 c  

DEBS I S 
DEBR I S 
OE8R I S 
DEBS I S  
TIROS 8 
ROCKET B O D  
DEBR I S 
D t B 9 I  S 
NONE 
GGSE 
EGRS 
SOLA9 RAD 
NONE 
KOCKE T 
NONE 
NONE 
RELAY 2 
ROCKET BOD 
ECHO 2 
tCHO 2 R 
UEHR I S 
DEBR I S 
ELEKTRDN 1 
ELEKTR.2 
DE89 I S 
UEBR I S  
NONE 
A R I E L  2 
ROCKET 8UD 
DEER I S 
NONE 
DEBR I S 
DEER I S 
DEHR I S 
NONE 

007-24 
0 0 7 2 5  
0 0 7 2 6  
0 0 7 3 2  
00716 

1 9 6 4  
1 9 6 4  
1 9 6 4  
1 9 6 4  
1 9 b 4  
1 Y 6 4  
1 9 6 4  
1964 
1964 
1 9 6 4  

83A DEBRIS  
8 3 8  D E B S I S  
83C NONE 
8 3 0  NONE 
83E D E B 3 I S  
8 3 F  DEBRIS  
83G DE8)PIS 
83H D t B R I S  
8 3 J  DEBRIS  

03A NONE 
04A TIROS 9 
0 4 8  TIROS 9 R 
04C D E 8 R I S  
04D DEBRIS  
O b A  COSMOS 5 3  

07H U.S.O.2 R 
08A TITArU 3 
088 NONE 
08C NONE 
0 9 A  PEGASUS 1 
0 9 6  COMMD.MOD 
1 1 A  C O S M O S  5 4  
l l B  COSMOS 5 5  
1 1 C  C O S M O S  5 6  
l l D  DEBRIS  
14A C O S M O S  5 8  
1 4 8  C O S  5 8  R 
1 6 A  G9EB 1 

160 SULA9 RAD2 
16E tGRS 3 
16F  USCAR 
16G SURCAL 

16J R O C K E T  
17H EGRS L 
17C ROCKET 
1 7 0  DEBRIS  
206, C O S M O b  6 1  
2 0 B  C O S M O S  6 2  
20C C O S M O S  6 3  
2OD ROCKFT 8OD 
20E D E H X I S  
20F  D E B R I S  
20G DERRIS 
201-1 D E B S I S  
2 0 J  OEHRIS 
20K D E B q I S  
2 0 L  U E B S I S  
20M DEBRIS  
20N DEHRIS  
20P D E B R I S  
20Q D E H 3 I S  
20R D E B R I S  
2 0 5  OEHRIS 
20T  D E B R I S  
20U D t B i i I S  
20W D E B 2 I S  
20X DERRIS  
2 0 2  D E R k I S  
2OAADEBR I S 
2OACDEBR I S 
20ADDEBR I S 
2OAEDEBRIS 
2OAFUEB2IS  
2OAHDEBR I S 
2OA JDEBR I S 
ZOAKOEBRIS 
ZOANDEBR I S 
ZOARDEBR I S 
20ASDEBR I S 
2OAYDEBR I S 
206, ZDEBR I S 
20BADEBR1 S 
2OBBDEBR I S  
2OBCDEBR I S  
2OBDDEBR I S 
ZOBEDEBRIS 
ZOBFDEBRI S 
208HDEBRI  s 
208 JDEBR I S 
20BKOEBRI  S 
208LUEBR I S 

8bA EXPL.26 

07A U.S.O.2 

l 6 B  GRV-GRD.2 
1 6 C  GR-GRD - 3  

i6n D O D E C A H E D R  

0 0 9 5 3  
0 0 9 5 6  
0 0 9 5 9  
0 0 9 6 5  
00966 
00967 
01099 
0 1 5 2 8  
0 1 6 0 8  
0 0 9 6 3 1  
0 0 9 7 3  
0 0 9 7 8  
00979 
0 1 3 1 2  
01313 
0 0 9 8 3  
0 0 9 8 7  
0 0 9 8 8  
01000 
01001 
0 1 0 0 2  
0 1 0 8 5  
01088 
0 1 0 8 9  
01090 
01091 
0 1 0 9 2  
0 1 0 9 7  
0 1 0 9 8  
0 1 2 7 1  
0 1 2 4 4  
0 1 2 9 2  
0 1 2 9 1  
0 1 2 0 8  
0 1 2 9 3  
0 1 3 1 0  
0 1 2 7 2  
0 1 2 4 5  

i@ 
0 1 2 6 8  
0 1 2 6 9  
0 1 2 7 0  
0 1 3 3 5  
0 1 3 3 6  
0 1 3 3 7  
0 1 3 3 8  
0 1 3 3 9  
0 1 3 4 0  
0 1 3 4 1  
0 1 3 4 2  
0 1 3 4 3  
0 1 3 4 4  
0 1 3 4 5  
0 1 3 4 6  
0 1 3 4 1  

0 1 3 4 4  
0 1 3 5 1  
0 1 3 5 2  
0 1 3 5 4  
0 1 3 5 5  
0137C 
0 1 3 7 1  
0 1 3 7 2  
0 1 3 7 2  
0 1 3 9 2  
01391 
0 1 3 9 1  
01402 
0 1 4 1 (  
0 1 4 1 t  
0 1 4 3 :  
0 1 4 3  
0 1 4 7 t  
0 1 4 7 ;  
0 1 4 7 t  
0 147 ‘  
0 1 4 8 (  

0 1 3 4 8  

1 9 6 3  
1963 
1 9 6 3  
1 9 6 3  
1 9 6 3  
1 9 6 3  
1 9 6 3  
1 9 6 3  
1 9 6 3  
1 9 6 3  

1963 
1 9 6 3  
1 9 6 3  
1 9 6 3  
1 9 6 3  
1 9 6 3  

0 0 5 2  7 
0 0 5 5 3  
0 0 5 3 2  
0 0 5 3 3  
0 0 5 3 4  
0 0 5 3 5  
0 0 5 3 6  
0 0 5 6 4  
0 0 5 7 3  
0 0 5 7 5  
0 0 5 7 4  
0 0 5 7 9  
0 0 6 0 8  
0 0 5 8 9  
0 0 6 0 2  
0 0 6 2 8  
0 0 6 2 9  
0 0 7 0 2  

0 0 7 i 7  
0 0 7 2 0  
0 0 7 3 6  
0 0 7 2 7  
0 0 7 2 8  
0 0 7 2 9  
0 0 7 3 0  
0 0 7 3 1  
0 0 7 3 3  
0 0 7 3 4  
0 0 7 3 5  

i 9 6 3  
1 9 6 3  
1 9 6 4  
1 9 6 4  

5 4 0  
0 1 A  
0 18 
0 1c 
01D 
0 1E 
O2A 

1 9 6 3  i y 6 4  1 9 6 5  
1 9 6 5  
1 9 6 5  

1 9 6 3  
1 9 6 3  
1 9 6 3  

1 9 6 4  
1964 
1 9 6 4  1 9 6 5  

1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 Y 6 5  
1 9 6 5  
1 9 6 5  

1 9 6 4  
1 9 6 4  
1 9 6 4  
1 9 6 4  
1 9 6 4  
1 9 6 4  
1 9 6 4  

0 2 B  
0 2 c  
0 3 A  
0 3 8  
04A 
0 4 8  
04C 
040 
06A 
060 

1 9 6 3  
1 9 6 3  
1963 
1963 
1 9 6 3  
1 9 6 3  

00737  
0 0 7 3 8  
0 0 7 4 0  
0 0 7 4 1  
0 0 7 4 2  
0 0 7 4 3  
00746 
0 0 7 4 8  
0 0 7 5 0  
0 0 7 5 1  
00759  

0 2 3 5 4  
0 2 3 6 0  
0 2 3 6 1  
0 2 3 6 2  
0 2 3 6 3  
0 2 3 6 4  
0 2 3 6 5  

1963 I 9 6 4  
1964 
1964 
1964 

1963 
1 9 6 3  
1963 
1 9 6 3  
1 9 6 3  
1 9 6 3  
1 9 6 3  
1 9 6 3  
1963 
1 9 6 3  
1 9 6 3  
1 9 6 3  
1963 

0 6 C  
0 2 3 6 6  
0 2 3 6 7  
0 2 3 7 2  
0 2 3 7 3  
0 2 3 7 4  
0 2 3 7 5  
0 2 3 7 7  
0 2 3 7 8  
0 2 3 7 9  
0 2 3 8 0  
0 2 3 8 1  
0 0 5 9 4  
0 0 6 0 3  
00610 
006 11 
0 0 6 0 4  
0 0 6 0 5  
0 0 6 0 6  
0 0 6 0  7 

1964 
1 9 6 4  
1964 
1 9 6 4  

06D 
1 1 A  
15A 
156 
15C 
26A 
2 6 8  

OOiii 1 9 & 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  

0 0 7 7 5  
0 0 8 4  7 
00801 
0 0 8 0 5  

1 9 6 4  
1 9 6 4  
1 9 6 4  i 9 6 5  

1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1965  

1 9 6 4  
1964 
1964 
1964 

2 6C 
2 6 0  
31A 
3 1 8  
3 LC. 
35A 
38A 
3 8 8  
3 8C 
3 8 0  
40A 
4 0 8  
40C 
4 5 8  
474, 
4 7 8  
490 
49E 

0 0 8 0 6  

0 0 8 1 2  
0 0 8 1 3  
0 0 8 1 5  
0 0 8 2 4  
0 0 8 2 9  

oon09 

1 9 6 3  
1 9 6 3  
1963 

1 9 6 4  
1 9 6 4  
1 9 6 4  

1465 
1 Y 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  

1 9 6 4  
1 9 6 4  
1 9 6 4  
1964 

0 0 8 3 0  
0 0 8 3 1  
0 0 H 3 2  
0 0 8 3 6  
0 0 8 3 7  
0 0 8 3 8  
0 0 8 5  1 

1 9 6 3  
1 9 6 3  
1 9 6 3  

1 9 6 4  
1 9 6 4  
1 9 6 4  

NONE 
TRS 1 1  
NONE 
SYNCOM 3 
ROCKET BOD 
COSMOS 4 1  
DERRIS  
EXPLORER20 
tXPL .20  K 
OEBR I S 
DEHR I S 
D€BR I S 
NIMBUS 1 
ROCKET BOD 
COSMOS 4 4  
cos  4 4  R 
OGO I 
t XPL . 2 1  
DEER I S 

00614 
0 0 6 1 2  
00613 
0 0 6 2 2  
0 0 6 3 5  
0 0 6 3 0  
0 0 6 2 4  

1 9 6 4  
1 9 6 4  
1 9 6 4  
1 9 6 4  
1 9 6 4  
1964 
1 9 6 4  
1 9 6 4  
19h4 

0 0 8 5 8  
0 0 8 6 2  
0 0 H 6 9  
00898  
0 0 8 7 0  
0 0 8 7 1  
0 0 8 7 3  
0 0 8 7 4  

1 9 6 5  
1 9 6 5  
1 9 6 5  

1963 51A 
5 1 8  
5 1C 
51D 
5 1E 
52A 
5 2 8  
53A 

1 9 6 3  
1 9 6 3  
1 9 6 3  
1‘363 
1 9 6 3  
1 9 6 3  
1 9 6 3  

0 0 6 3 1  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  

0 0 6 3 4  
0 0 6 2 5  
0 0 6 6 9  
0 0 6 7 0  
0 0 6 7 1  
0 0 6 7 2  
0 0 7 4 5  
0 2 0 9 7  
0 0 6 7 4  
0 0 6 7 5  

0 0 8 7 5  
0 0 8 7 2  
0 0 8 7 8  
0 0 H 7 6  
0 0 8 7 7  
0 0 8 7 9  
0 0 0 0 9  

1 9 6 4  
1 9 6 4  
1 9 6 4  l Y 6 5  

1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  

T963 1 9 6 4  
1 9 6 4  
1 9 6 4  
1 9 6 4  

5 3 8  
54A 
6 0 A  

1 9 6 3  
1 9 6 3  
1 9 6 3  
1 9 6 3  
1 9 6 3  
1 9 6 3  

- _  
63A 0 0 8 9 3  

0 0 8 9 7  
00900 
00901 
0 0 9 0 2  
00903 
0 0 8 9 9  
00907 
0 0 9 7 6  
0 0 9 7 7  
0 0 9 2 2  
0 0 9 2 5  
0 0 9 2 4  
0 0 9 3 1  
0 0 9 3 2  
0 0 9 3 3  
0 0 9 3 4  
0 0 9 3 5  
0 0 9 3 6  
0 0 9 3 7  
0 0 9 3 9  
00940 
0894 1 

00692 1 9 6 4  
1964 
1964 

6 3 8  
6 3 c  
63D 
63E 
6 3F 
6 4 A  
6 4 8  

0 0 6 8 3  
0 0 6 8 4  
0 0 6 8 6  

1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  

1963 I964 
1 9 6 3  
1 9 6 3  
1963 

00693 
0 0 6 9 4  
00696 
0069 7 

1 9 6 4  
1964 
1964 
1964 64C 

6 4 0  
72A 
7 2 8  
74A 
7 6 A  
7 6 8  
7 6 C  

0 0 6 9 8  1964 
00699 1 9 6 4  
0 0 7 0 0  1964 

1964 
0 0 7 3 9  1 9 6 4  
01994 1964 
0 0 7 0 3  

i 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  

0 0 i 0 1  
1 9 6 5  

1964 1 9 6 5  
1 9 6 5  
1 9 6 5  
1965 
1965 
1 9 6 5  
1 9 6 5  
1 9 6 5  
1965 
1 9 6 5  

0 0 7 0 4  
0 0 7 0 5  
0 0 7 0 6  
0 0 7 1 5  
0 0 7 5 3  
0 0 7 1 4  
0 0 7 2  1 
0 0 7 2 2  
0 0 7 2 3  

1 9 6 4  
1 9 6 4  
1 9 6 4  

7 6 0  
76E 
76F 

1964 76G 
1 9 6 4  
1 9 6 4  
1 9 6 4  

76H 
76 I 
76J 
76K 
76L  

I 9 6 4  
1 9 6 4  

00960 
0141 1 



1. I 
1 IDEYT 

1 9 6 5  20CVDER? 
1 9 6 5  2OCrli)EBR 
1 9 6 5  2OCXDEB9 
1 9 6 5  2OCYUEB4 

1 9 6 5  2 i c  9E?? 
1 9 0 5  2 l E  > E n 4  
i g t r ,  21F  3t6q 
1 9 6 5  27A S';AP 
1 9 6 5  27B t G i S  
1 9 6 5  27C D t H 9  
1 9 6 5  2 7 0  DE39 

1 9 6 5  ~ ? D T ~ ~ E R ?  
203 VUE33 
2OC)rrUEBi 

1 9 6 5  2ODYDEB3 
1 9 6 5  2ODLDEYi  
1 9 6 5  20EADEBR 
1 9 6 5  2OEBDEail 
1 9 6 5  ZOECDtd? 
1 9 6 5  ZOEDDEd? 
1 9 6 5  20EEdEB9 
1 9 4 5  2 0 E F 3 E 9 9  
1 9 4 5  29EGUEB? 
!?62  23EHGE93 
L Y O ~  i G E . t J L a <  

_.  - . 
L Y D >  3)LU ! J C D T  1 1 9 0 5  3 4 4  T I T A  
1 9 6 5  3 4 8  L t S  I 1 9 6 5  34C K.C. 1 1 9 6 5  3YA 'JOL'E 

~ 19 b 5  3YC 3EH4 
1 9 6 5  38E DES? 

1 1 9 6 5  3 3 F  O E d 4  

I 1 9 6 5  3 8 8  ? O C K  

~ 1 9 6 5  38G L E 9 9  
1 9 6 5  39A PEGA 

42A I I I P  
48A NONE 

, 1 9 6 5  4BC DE39 

398 P E G  

i 

I 5  
I S  
I S  
IS 

I S  
I S  
I S  
I S  
I S  
I b  
I S  
I S  
1 s  
I S  
I S  
I S  
I S  
I S  
IS 
I S  
I S  
I S  
I S  
I S  
I S  
I S  
I S  
I S  
I S  
I S  
IS 
I S  
I 5  
I S  

E 

; 2  
I S  
I S  
1 s  
I S  
I S  
! S  
I S  
I S  
I S  
1 s  
I S  
I S  
I S  
! S  
1 1  

I S  
I S  
I S  

S h J T  
4 

I S  
I S  
I S  
Y B I R D  
ET BO3 
I Y 4  1 
E T  aOD 
t T  B C D  
S i E 3 2 7  
- 2 7  s 
I S  

2 
5. 

E T  
I S  
I S  
I S  
I S  
sus 2 
2 R  c 
ET 
I S  

4'3 

hCiT 
0 1 4 R 7  
0 1 4 9 8  
" 4 8 3  
0 1 4 9 1  
L 1 4 9 3  
0 1 4 3 5  
0 1 4 9 6  
C 1 4 9 7  
C 1 4 9 7  
0 1 5 3 0  
0 1 5 3 1  
U 1 5 3 4  
0 1 5 3 7  
0 1 5 3 d  
0 1 5 3 9  
0 1 5 4 0  
0 1 5 4 3  
0 1 5 4 4  
0 1 5 4 6  
0 1 5 4 8  
0 1 5 4 9  
0 1 5 5 0  
3 1 5 5 1  
0 1 5 5 2  
0 1 5 5 4  
0 1 5 5 5  
0 1 7 5 6  
111557 
111555 
0 1 5 5 9  
0 1 5 6 1  
U 1 5 6 3  
0 1 5 h 4  
0 1 5 6 5  
0 1 5 6 6  
0 1 5 6 7  
0 1 5 9 2  
0 1 5 9 3  
0 1 5 9 4  
0 1 5 9 5  
0 1 5 9 6  
0 1 5 9 7  
3 1 5 9 8  
0 1 5 9 9  
0 1 6 0 U  
0 1 6 0 1  
0 1 6 3 3  
0 1 6 3 4  
O l b 3 5  
3 2 2 0 3  
3 2 7 0 4  
0 2 3 3 4  
0 2 3 3 9  
O i 2 7 3  
0,124 '3  
0 1 3 7 0  
U 1 4 6 3  
0 1 3 1 4  
0 1 3 1 5  
0 1 3 1 6  
0 1 3 8 9  
0 1 3 9 9  
0 1 3 1 7  

0 1 3 2 4  
0 1 9 6 7  
0 1 3 2 9  

0 1 3 5 d  
0 1 9 9 5  

0 1 3 5 9  
0 1 3 6 0  
01 361 
9 1 3 7 7  

0 1 3 7 9  
0 1 4 6 1  
0 1 4 6 2  
0 1 4 7 5  
0 1 3 8 1  
0 1 3 8 5  

0 1 4 2 0  
0 1 4 2 5  
0 1 4 2 d  

0 i 3 i a  

o i j z a  

U L U l  I 

0 1 3 7 9  

0 1 3 8 8  

IDEKiT 
1 9 6 5  48U 
1 9 6 5  5 0 4  
1 9 6 5  5 1 0  
1 9 6 5  51t3 
l q 6 5  51C 
l 9 t - 5  5 1 3  
1 2 6 5  5 2 4  
1 9 5 5  53A 
1 9 6 5  5 3 8  
1 9 6 5  53C 
1 9 6 5  5 3 3  
1 9 6 5  53E 
l Y 6 5  53F 
1 9 6 3  53G 
1 9 6 5  53H 
1 9 6 5  5 3 J  
1 9 6 5  5 5 4  
1 9 6 5  5BA 
1 9 6 5  S8B 
1 9 6 5  58C 
l Y 6 5  60A 

1 9 6 5  6 2 B  
1 9 6 5  63A 
1 9 6 5  6 3 8  
1 9 6 5  6 5 4  
I Y 6 5  6 5 8  

1 9 6 5  boa 

1'345 65: 
l Y t 5  6 5 3  
1-365 65E 
1 J b 5  65F  
1 3 6 5  65"  
1 Y 6 5  6 3 ~  
1 9 6 3  6 5 J  
1 9 6 5  6 5 K  
1 9 6 5  63L  
1 0 6 5  6 5 u  
1 9 6 5  7 ~ 3 4  
1 9 6 5  7 0 3  
i 9 h 5  7 0 i  
1 9 6 5  7 0 9  
1 9 6 5  70E 
1 9 6 5  70F 
1 9 6 5  72A 
1 3 b 5  72t3 
1 9 6 5  72C 
1 9 6 5  7 2 0  
1 9 6 5  72E 
1 9 6 3  7 2 f  
1 9 t 5  73A 
l 9 6 5  7 3 8  
1 9 5 5  73C 
i 3 h S  7 3 0  
i J L >  7 %  
1 9 6 5  73F 
1 9 6 5  73G 
1 7 6 5  73Y 
1 9 6 5  7 3 J  
1 9 6 5  73K 

1 Y 6 5  7 8 8  
1 1 6 5  8OA 
1 9 6 5  8 1 4  
1 3 h 5  9 1 8  
1 9 6 5  8 2  

1 9 6 5  7 3 4  

1 9 6 5  84E 
1'165 89A 
1 3 0 5  896  
1 9 6 5  93A 
1 9 6 5  9 3 8  
lYO3 Y > L  
1 9 6 5  930 
i 9 6 5  9 5 4  
1 9 6 5  358 
1 3 6 5  9 6 4  
1 9 6 5  9 6 9  
1 3 6 5  96C 
1'265 961) 
1 9 6 5  93A 

1 9 6 5  98C 
1 9 6 5  9RD 
1 9 6 5  98E 
1 9 6 5  9 8 F  

1 9 6 5  9 3 s  

1 3 6 5  98G 
1 9 6 5  9 8 H  

YCA 1 
0 ! 4 3 5  
0 1 4 2 2  
2 1 - 3 0  
Z i U 3 J  
3 1 4 4 9  
9 1 5 2 3  
0 1 4 3 1  
3 1 4 4 1  
3 1 4 4 2  
9 1 4 4 3  
0 1 4 4 4  
3 1 4 4 3  
0 1 4 4 8  
0 1 4 4 9  
0 1 4 7 3  

0 1 4 4  7 

0 1 4 5 9  
0 1 4 6 0  
0 1 4 6 7  

0 1 4 7 2  
0 1 5 0 6  
0 1 5 0 2  
0 1 5 0 4  
015Gd 

J l 3 l l  
0 1 ~ 1 2  
" 5 1 4  
O f 5 1 5  
3 1 5 2 3  
9 1 5 2 1  
5 1 5 2 2  
0 1 5 7 7  
7 2 3 3 5  
'31570 
a 1 5 7 1  
3 1 5 7 2  
0 1 5 7 3  
0 1 5 7 4  
o i 5 7 >  
0 1 5 8 0  
0 1 5 3 1  
0 1 5 8 2  
0 1 5 8 3  
9 1 4 3 1  
3 1 9 3 2  
5 l S R 4  
0 1 5 9 5  
s915?g  
l!i>? I 
::-,YY 
~ 1 5 8 3  
t i1590 
i t - 5 9 1  
G L b l Z  
LJlsla  
0 1 6 1 3  

0 1 6 2 1  
0 1 6 2 0  
0 1 5 2 5  
0 1024  
021098 
0 1 7 2 6  
3 1 7 2 9  

0 1 7 3 9  

0 1 7 7 7  
0 1 7 7 9  
0 1 7 7 8  
U l P 0 5  
0 1 9 3 8  
0 1 9 9 6  
0 1 ~ 0 4  
0 1 3 0 6  
0 1 8 0 7  

0 1 9 4 4  
0 1 9 4 8  
0 1 9 5 1  
0 2 0 9 2  

0 2 3 3 a  

0 ~ 4 5 a  

o i 4 6 a  

21510 

l > l b l b  

0 1 7 3 8  

0 2 ~ 8 ~  
ULLJL> 

o i y o a  

9 6 5  
7 6 5  
? 6 5  
3 b 3  
3t5 
3 6 3  
9 6 5  
9 6 5  
9 6 5  
3 5 5  
7 6 2  
q b >  
9 6 5  
9 6 5  
7 6 5  
3 6 5  
9 6 5  
Y65 
9 6 5  
9 6 5  
4 6 5  
Y65 
9 0 5  
9 6 5  
f 6 5  
3.53 
3 6 5  
3 6) 5 
q.53  
j h 5  
Y t, 'I 
' I  5 5 
Y 6 >  
9 6 6  
9 6 6  
9 6 6  
369 
' J  ti 5 
9 5 6  
965 
9 b b  
9 6 6  
9 6 6  
7 6 6  
9 6 6  
9 6 6  

9 6 6  
9 6 5  
9 6 6  
9 5 6  
7 6 6  
Y 56 
9 6 6  
9 5 5  
9 h 6  
4 6 6  
9 4 6  
Y b 6  
Jbb 
9 b 6 
9 6 6  
9 6 6  
9 6 6  
0 6 6  
9 6 6  
9 6 6  
9 6 6  
9 6 0  
9 6 6  
Y b6 
9 6 6  
9 6 6  
9 6 5  
'366 
9 6 6  
Y 6 6  
Y h 6  
9 6 6  
9 6 6  
9 6 6  
9 6 6  
Y 6 6  
7 6 6  
9 6 6  
9 6 6  

9 6 6  

9 @ J  
L O l A  

! C l L  
101'1 
1 0 5 b  
l U i 4  
l O b A  
lO6d 
10EA 
1 0 8 3  
1 9 8 C  
1 0 8 D  
1 0 9 4  
1 0 9 3  
109C 
109D 
109E 
1 1 2 1  
1 1 2 9  
l l 2 C  
1 1 2 0  
i12E 
l l 2 F  
112; 
1 1 2 -  
1 1 2 J  
112K 
1 1 i L  
1 1 2 r  
l 12U 
l l 2 P  
1 1 2 3  

c 4 4  
04H 
3 > 1  
C59 
0 5c 
059 
0 3'3 

1 C l E  

c a 2  
0 ac 
OdD 
08E 
09A 
0 9 9  
09C 
111 
1 3 1  
1 3 3  
13C 
13D 
13E 
13F 
1 3 s  
1 6 4  
1 6 8  
16C 
1 6 3  
1 9 4  
2 4 4  
2414 
2 5A 
2 5d 
2 5C 
2 59  
2 6 1  
2 6 9  
2 6C 
7 6D 
LSi 
26F 
31A 
318  
3 1 C  
34A 
3 4 s  
3 4 c  
3 4 0  
3 5 4  
3 6 4  
369 
38A 

3 9 3  
40A 

3 a ~  

G 2 1 5 3  
i ; l f i i 4  

c1902  
0 1 9 4 1  
0 1 8 6 4  
0 1 6 6 3  
0 2 0 8 6  
0 2 2 2 6  
U 2 3 5 J  
0 1 8 6 8  
0 1 8 6 9  
0 1 8 7 1  
0 1 8 7 2  
5 1 6 7 3  
I) 1 5 7 4  
circ73 
U l t i T O  
c1577 
1) 1 ti 7 d  
u 19(':, 
J t ? C ?  
11733 
C 1 J 3 b  
3 1 7 3 7  
01Y4' )  
0 1 9 5 0  
0 1 3 5 2  
" a 5 3  

? L C ' 4 >  
3111d 
G215.t 
g1997 
0 2 3 0 3  
0 2 0 0 4  
0 2 0 0 2  
0.2016 
0 2 3 1 7  
3 7 9 1 3  
0 2 0 2 3  
Q21t71 
~ 2 0 2 3  
3 2 1 6 1  
Ci2L91 
0 2 0 9 6  
0 2 2 2 3  
0 2 2 2 4  
021r14 
3211Y 
0 2 1 2 0  
0 2 1 2 1  
0 2 1 2 2  
3 2 1 2 3  
0 2 1 2 4  
0 2 1 2 3  
0 2 1 2 9  
0 2 1 6 2  
0 2 1  7 7  

3 2 1  7 9  
0 2 1 4 2  
12144 
0 2 1 4 5  
0 2 1 5 3  
0 2 1 6 7  
3 2 2 0 8  
0 2 7 0 9  
02151 
9 2 1 5 2  
0 2 1 5 9  
02 1 6 d  
0 2 1 6 9  
0 2 1 7 2  
0 2 1 7 3  

O L I  :a 



IDENT NCAT 
1 9 6 6  4 0 8  
1 9 6 6  41A 
1 9 6 6  4 1 8  
1 9 6 6  41C 
1 9 6 6  43A 
1 9 6 6  44A 
1 9 6 6  4 4 8  
1 9 6 6  44C 
1 9 6 6  49A 
1 9 6 6  51A 
1 9 6 6  5 1 8  
1 9 6 6  51C 
1 9 6 6  52A 
1 9 6 6  5 2 8  
1 9 6 6  53A 
1 9 6 6  5 3 8  
1 9 6 6  53C 
1 9 6 6  5 3 0  
1 9 6 6  53E 
1 9 6 6  53F 
1 9 6 6  53G 
1 9 6 6  53H 
1 9 6 6  5 3 J  
1 9 6 6  56A 
1 9 6 6  5 6 8  
1 9 6 6  56C 
1 9 6 6  57A 
1 9 6 6  5 7 0  
1 9 6 6  58A 
1 9 6 6  5 8 8  
1 9 6 6  58C 
1 9 6 6  58D 
1966 58E 
1 9 6 6  6OA 
1 9 6 6  6 0 8  
i 9 6 6  6 i A  
1 9 6 6  6 1 8  
1 9 6 6  63A 
1 9 6 6  63B 

1 9 6 6  h 3 D  
1 0 6 6  63E 
1 0 6 6  65A 
1 9 6 6  66C 
1 9 6 6  66D 
1 9 6 6  66E 
1'466 66F 
1 7 6 6  6hC 
1 9 6 6  66H 
1 9 6 6  67A 
1 9 6 6  6HA 
1 9 6 6  6 8 8  
1 9 6 6  69A 
1 9 6 6  70A 
1 9 6 6  7 1 A  
1 7 6 6  718 
1 9 6 6  72A 

1'206 63C 

"JMBUS 2R 
NONE 
ALTAIR  RKT 
UEBR I S 
C O S M O S  119 
EXPL. 32 
t x P L .  32n  gE;R ; s 
NONE 
EGRS V 1  
O R S  H K - 1 1  p: Jc BOD 

NOYE 
NONE 
N O N t  
N O N t  
N O N t  
NONE 
NONE 
R O C K E T  
P A G E O S  A 
P A G  A R 
DEBR I S 
C O S M O S  122 
C O S  1 2 2  R 
A I H P - D  
A I H P - U  R 
KUCKET BOD 
UEBRI S 
U E d R I S  
PROTON 3 
P R O T O N  3 R 
C U j % G S  i 2 3  
C(JS 1 2 3  R 
u v - 8  
N U N €  
UV-8 K 
1Jk t3R I 5 

A G F V A  10 T 
D L ' j R I S  
U t H Y I S  
01 0 4  I s 
t ~ E t 3 X  I S  
d E R R  I 5  
O E H R  I S 
C O S M O S  1 2 5  
C I l S Y [ ) S  1 2 6  

USPAYLOAU 
u v - 3 -  3 
C O S M U S  1 2 7  
c o s  1 2 7  K 
NUNt 

ur us1 s 

cos  1 2 6  n 

0 2  1 7 4  
0 2 1 7 6  
0 2 1 8 0  
0 2 2 2 5  
0 2 1 8 2  
0 2  183 
0 2  1 8 4  
0 2 3 3 6  
0 2 1 9 5  
0 2 2 0 0  
0 2 2 0 5  
0 2 2 0 2  
0 2 2 0 1  
0 2 2 0 6  
0 2 2 0 7  
0 2 2  1 5  
0 2 2  16 
0 2 2 1  7 
0 2 2 1 8  
0 2 2 1 9  
0 2 2 2 0  
0 2 2 2  1 
0 2 2 2 2  
0 2 2 5 3  
0 2 2 5 5  
0 2 2 5 6  
0 2 2 5 4  
0 2 7 5  I 
0 2 2 5 8  
0 2 2 5 9  
0 2 2 6 0  
0 2 2 6 2  
0 2 2 6 3  
0 2 2 9 0  

0 2 2 9 6  
0 2 3 2 4  
0 2 3 2 7  
02321) 
0 2 3 2 9  
0 2 3 3 7  
0 2 3 4 8  
0 2 3 5 4  
0 2 3 5 5  
0 2 3 5 6  
0 2 3 5 7  
01358 
0 2 3 8 2  
0 2 3 5 1  
(22363 
0 2 3 6 9  
0 2 3 7 6  
0 2 3 8 9  
0 2  3 9  1 
0 2 3 9 2  
0 2 3 9 3  

!????I 
u117) 
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EXHIBIT 6 - INDEPENDENT TRACKING COORDINATION PROGRAM 
824 Connecticut Avenue 

Washington. D C 20006 

B U L L E T I N  

August 24. 1966 

E 
IDENT DESIGNATIONS CORRESPONDING TO CATALOG NUMBERS (NCAT) 

OF UNCLASSIFIED EARTH SATELLITES IN ORBIT AS OF 39347.0 (August 10. l n6€ )  

NCAT 
0 0 0 0 4  
0 0 0 0 5  
0 0 0  1 1  
0 0 0 1 2  
0 0 0 1 6  
0 0 0 2 0  
0 0 0 2 2  
0 0 0 2 3  
0002Y 
0 0 0 2 9  
000 3 1 
00U43 
0 0 0 4 5  
001146 
0 0 0 4 7  
0 0 0 4 9  
OOC50 
GSG' I1  

~ ~ ~ 1 5 3  
L U L 5 8  

Ow!52  
nn 

0 0 0 6 4  
0 0 6 6 9  
0 0 0 7 0  
0 0 ~ 1 7 4  
O O C 7 1 ,  
3 0 0 7 9  
O L u 8 2  ?e  
2 L  
0 (J 
30 
00 
0L 
0 d 
OL 
0 0  
0 0 
00 
00 
Ob 
0 0  
00 
O G  
ou 

O G  
OG 
0 0 
0 0  
Oc; 
30 
0 0 
OU 
0 0  
0 0  
0 0  
0 0  

% 

d 0 0  

r js  
7 3  
0 1  
0 5  
37 
1 5  
l b  
1 7  
6 2  
6 3  
6 5  
6 6  
6 7  
70  
8 8  
32  
9 4  
9 5  

0 2  
0 4  
0 5  
2 6  
27  
28  
2 9  
5 5  
5 7  
7 1  
7 3  
74 

8 8  
09 
1 1  
1 2  

06. 

a5  

95  
9 5  
9 5  
9 5  
9 5  
9 3  
9 5  
9 5  
9 6  
9 6  
9 6  
9 6 
9 6  
9 6  
9 6  
9 6  
9 6  
1 6  
96  

9 b  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
9 6  
3 6  

_ ,  
Y O  

: 4  7 5  

9 6  
9 0  
9 6  
7 6  
7 6  
36 
9 0  
3 6  
96 
9 6  
9 6  
3 6  
9 6  
9 6  
9 6  
9 6  

3 6  
9 6  
9 6  
9 6  
96 
3 6  
9 6  
3 6  
96  

9 6 
9 0  
5 6  
9 6  
9 6  
9 6  
9 6  

c)#. 

9 6  

ICENT 
01A 
025 
01A 
013 
0 2  4 
0 74 
094 
990 
024 
023 
O3t3  
0bA 
07A 
0 74 
0 7 c  
094 

09c  
091) 
39: 
13:: 
133  
144 
1413 
164  
163 
14: 
014 
16: 
1 b! )  
011 
0 4 4, 
94:  
2 3  > 
32'. 
141) 
1 3 a  
02 1 
15.1 
1 5 4  
I 7 r ,  

17p  
17,  
173 
204 
18C 
284 
28: 

09a 

I a 4  

?E 
'12 
31, 
3 1 8  
02P 
028 
026 
O L D  
0 6 4  
0 6 P  
1 0 4  
i 3 c  
1 0 3  
1 5 4  
15t3 
25A 
258  
2 5 C  

NCAT I C E N T  
0 0 3 1 3  1 3 6 2  25D 
0 0 3 4 0  1 9 6 2  29A 
0 0 3 4 1  1 3 6 2  293 
0 0 3 6 9  1962 39A 
0 0 3 7 0  1 9 6 2  398 
0 0 3 7 8  1 7 6 2  3 9 C  
00388 1962 39D 
0 0 3 9 7  1962 47A 
O C 3 Y d  1 2 6 2  472 
0 0 3 9 3  1 9 6 2  47 ,  
OC400 1162 4 7 1  

0 0 5 9 9  1 9 6 2  7 1 1  
0 0 5 1 0  1 9 6 2  49C 
UC1511 1962 49D 
0 0 > 1 3  1'362 6 7 t  
0 0 2 1 4  1962 71d  
00515 1 9 6 2  68H 
00519 1962 71C 
0 0 3 2 0  1 9 6 2  67F 
U U 5 2 3  1 9 6 2  7 1 )  

P C t 5 I L  !9&)  94A 
2 ; ~ 5 3 3  i 9 6 3  3 5 A  
2 0 > 3 4  1 9 6 3  0 5 e  
0 ~ 5 3 5  1 9 6 3  05: 
OL>36 1 9 6 3  0 5 2  

011?04 1 9 5 3  0 1 3  
OL>73 1 9 6 3  134 
OL574 1 9 6 3  144 
00571, 1 9 6 3  1 3 D  
0 0 5 7 9  1963 1413 
O d > d 9  1 9 6 3  1 4 9  

0 0 6 0 2  1 9 6 3  1 4 t  
O O b Q 3  1 9 6 3  22B 
0 0 5 0 4  1 9 6 3  24A 
0 0 6 0 5  1 9 6 3  249 
0 0 6 0 6  1 9 6 3  24C 
n n A n 7  1 0 ~ 2  7 ~ n  
OOhif6 i 3 6 j  14: 

0 ~ 5 2 7  1 3 6 3  l 7 3 A  

Oc. ~ 7 5  1 3 6 3  O.*A 

Oi l594 1 9 6 3  224 

0 0 6 1 0  1 3 0 3  22C 
O O b l l  1963 22D 
0 0 6 1 2  1 7 6 3  2 b A  
00613  1 9 6 3  27A 
0 0 6 1 4  1 7 6 3  25'3 
OCh22 1 9 6 3  3 0 4  
OUb24 1 3 6 3  301) 
0 0 6 2 5  1 3 6 3  31s  oot.,za 1 9 6 3  1 4 ~  
O b 6 2 9  1163 1 4 s  
O C 6 3 O  1 9 6 5  30: 
0 0 ~ 3 1  1 3 6 3  30E 
OU634 1 9 b 3  31A 
0 6 6 3 5  1 9 6 3  j O t i  
O(ihb9 1 9 6 3  3 8 A  

NCAT ICENT ICEKT 
) 6 4  38: 
9 6 4  383 
9 6 4  4 0 4  
1 6 4  40d 
9 6 4  40 ,  
9 6 0  07D 
9 6 0  0 7 t  
3 6 4  1 5 c  
3 5 4  450 
9 6 4  47A 
9 6 4  473 
9 0 4  493 
7 6 4  514 
3 0 4  5 1 3  

9 6 4  51: 
9 6 4  >1!, 
9 6 4  > i t  

764  ~ 3 3  
9 6 4  7 2 3  
9 6 4  54A 
4 5 4  604 
464 63A 
1 6 4  638 
9 6 4  49E 
9 6 4  6 4 4  
3 6 4  u32 
9 6 4  6 3 3  
9 6 4  h3E 
9 6 4  63F 
9 0 4  64-1 
964 72A 
4 0 4  743 
264 I23 
3 6 4  7611 
3 6 4  7613 
9 6 4  76C 
964  7611 
964 7 b r  
9 6 4  75F 
164 76;  
7 6 4  76H 
464 761 
3 6 4  76J 
9 6 4  0 3 4  

9 6 4  83C 
9 6 4  76K 

964 524 

3 6 4  2 3 4  

9 6 4  a313 

9 6 4  864 
O h 0  R&{> 

OOY67 1 9 6 4  Y3F 
00V73 1 9 6 5  034 
50Y76 1.964 646 
3 C 7 7 7  1 9 6 4  6 4 3  
00'47d 1Yb5 041 
0 0 9 7 7  1 9 6 5  043 
C ! i Y H 3  1 9 6 5  OhA 

D l 0 0 2  1 3 6 5  Ca? 
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NCA T IDENT - 
0 1 0 9 1  
0 1 0 9 2  
0 1 0 9 7  
0 1 0 9 8  
0 1 0 9 9  
0 1 2 0 8  
0 1 2 2 8  
0 1 2 4 4  
0 1 2 4 5  
0 1 2 4 8  
0 1 2 5 0  
0 1 2 6 7  
0 1 2 6 8  
0 1 2 6 9  
0 1 2 7 0  
0 1 2 7 1  
0 1 2 7 2  
0 1 2 7 3  
0 1 2 8 9  
0 1 2 9 1  
0 1 2 9 2  
0 1 2 9 3  
U1310 
0 1 3 1 2  
0 1 3 1 3  
0 1 3 1 4  
0 1  115 
0 1 3 1 6  
0 1 3 1 1  
0 1 3 1 8  
0 1 3 2 4  
0 1 3 2 8  
C1329 
0 1  335 
0 1  336 
0 1 3 3 7  
LL!:38 
0 1 3 3 9  
0 1 3 4 0  
0 1 3 4 1  
0 1 3 4 2  
C 1343 
0 1 3 4 4  
0 1 3 4 5  
0 I 3 4 6  
0 1 3 4 1  
0 1348 
0 1 3 4 3  
0 1 3 5 1  
0 I 3 5 2  
0 1354 
0 1  355 
0 1 3 5 8  
0 1 3 5 3  
01  360 
0 1 3 6 1  
01370 

1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 4  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1‘165 
1 9 6 5  
1 3 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  

1 I C  
110 
1 4 4  
1 4 13 
83G 
1 6 t  
17C 
16B 
16J 
17D 
1 7 0  
20A 

20, 
2 0 1) 
16A 
16H 
21A 
21c  
1 6 D  
16C 
16F 
16G 
04C 
04D 

20,H 

1 9 6 5  27A 

1 9 6 5  27C 
1965 28A 
1965 78H 
196’1 304 

1 0 6 5  2 7 ~  

1 3 6 5  3 l l J  
1 9 6 5  2 0 t  
1 9 6 5  2OF 
1965 20G 
1965 ?OH 
1 9 6 5  2 0 J  
1 9 6 5  20K 
1 9 6 5  20L 
1 3 6 5  20M 
1 9 6 5  20Y 
1 7 6 5  20P 
1 9 6 5  20LI 
1 9 6 5  7 0 2  
i 9 6 5  Zos 
i 9 6 5  Zor 
1 9 6 5  20U 
IYh5 70k 
i 9 6 5  > O x  
1 3 6 5  70L 
1 3 b 3  L O A b  
1‘362 321% 

1 9 6 )  34d 
1 9 6 5  34C 
1 9 6 5  2 0 4 L  

0 1 3 7 1  1 9 6 5  
0 1 3 1 2  1 9 6 5  
0 1 3 7 3  1 9 6 5  
0 1 3 7 6  1 9 6 5  

b 1 3 7 8  1965 
0 1 3 7 9  1 3 6 5  

0 1 3 7 7  1 3 6 5  

o r 3 8 1  i 7 6 5  
0 1 3 8 5  1 9 6 5  
0 1 3 8 8  1 9 6 5  
01389 1 9 6 5  
0 1 3 9 2  1 9 6 5  
0 1 3 9 1  1 9 6 5  

0 1 4 0 2  1 3 6 5  
0 1 4 1 0  1 9 6 5  
0 1 4 1 1  1 9 6 4  
0 1 4 1 6  1 3 6 5  
0 1 4 2 0  1 3 6 5  
0 1 4 2 2  1 9 6 5  
0 1 4 2 5  1 0 6 5  
0 1 4 2 8  1 9 6 5  
0 1 4 3 0  1 9 6 5  
0 1 4 3 1  1 9 6 5  
01’433 1 9 6 5  
(11435 1 9 6 5  
U1438 1 9 6 5  
0143‘) 1 9 6 5  
0 1 4 4 0  1 9 6 5  

20AL 
3 0 A t  
?OAF 
2 1 -  
38A 
38t3 
3 8 C  
39A 
39H 
42A 
? 10 
20At4 
106, J 
?OAK 
2 1c  
20AN 
20Ah 
7 6 C  
?Oh S 
4HA 
5 O A  
4 8 3  
48C 
5 1 4  
52A 
51U 
481) 
204Y 
2 0 4 L  
51C 

”!(‘AT 
0 1 4 4 1  
0 1 4 4 2  
0 1 4 4 3  
0 1 4 4 4  
0 1 4 4 5  
0 1 4 4 7  
0 1 4 4 8  
0 1 4 4 9  
0 1 4 5 8  
0 1 4 5 9  
0 1 4 6 0  
0 1 4 6 1  
0 1 4 6 2  
0 1 4 6 3  
0 1 4 6 7  
0 1 4 6 8  
0 1 4 1 2  
0 1 4 7 3  
0 1 4 1 5  
0 14 76 
0 1 4 7 7  

0 1 4 7 9  
0 1 4 8 0  
0 1 4 8 1  
0 1 4 8 3  
0 1 4 8 4  
0 1 4 8 5  
0 1 4 H 6  
0 1 4 8 7  
0 1 4 8 8  
0 1 4 3 9  
0 1 4 5  1 
0 1 4 9 3  
0 1 4 9 5  
0 1 4 9 6  
0 !437 
0 1 4 9 9  
0 1 5 0 2  
0 1 5 0 4  
0 1 5 0 6  
0 1 5 0 8  
0 1 5 1 0  
0 1 5 1 1  
0 1 5 1 2  
0 1 5 1 4  
0 1 5 1 5  
0 1 5 2 0  
0 1 5 2 1  
0 1 5 2 2  
0 1 5 2 8  
0 1 5 2 9  
0 1 5 3 0  
0 1 5 3 1  
0 1 5 3 4  
0 1 5 3 7  
0 1 5 3 8  
0 1 5 3 9  
0 1 5 4 0  
0 1 5 4 3  
01  5 4 4  
0 1 5 4 6  
0 1 5 4 8  
0 1 5 4 9  
01550  
0 1 5 5 1  
0 1 5 5 2  
0 1 5 5 4  
0 1 5 5 5  
0 1 5 5 6  
0 1 5 5 7  
U 1 5 5 8  
0 1 5 5 9  
0 1 5 6 1  
0 1 5 6 3  
0 1 5 6 4  
O l ’ I 65  
0 1 5 6 6  
0 1 5 6 7  
0 1 5 7 0  
0 1 5 1 1  
0 1 5 7 2  
0 1 5 7 3  
0 1 5 1 4  
0 1 5 1 5  
0 1 2 7 6  
01177 

0 1 4  r8 

1 1  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 2  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  

1 9 6 5  
1 9 6 5  
1 9 6 5  
1Y65 
1 3 6 5  
1 9 6 5  
l Y 6 5  
I Y 6 5  
196.> 
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  

1 9 6 5  
1 9 6 5  
1 9 6 4  
1 1 6 5  
l Y 6 >  
196’1 
1 9 6 5  
196’1 
1 9 6 5  
1965 
1 9 6 5  
1 1 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 2  
1 9 6 ~  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 3 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 2  
1 9 6  J 
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 6 5  
1 9 5 9  
1 9 6 >  

1 9 6 3  

1 7 6 5  

3ENT 
5 3 4  
5 3 5  
53i 
5 3 0  
53: 
55A 
53F 
53G 
58A 
5 8 8  
58C 
381  
3 0 b  
7 I F  
609, 
bot3 
6 2 3  
53H 
3 8 G  
208A 
20Rb 
20BC 
20BD 
2 0 8 k  
2OeF 
20” 
20H J 
203K 
20HL 
20RP 
2 0 d k  
Z O d P  
20HR 
2 0 8  T 
2 0 H V  
2OBW 
203 : :  
20u 2 
h 3 d  
65A 
6 3 4  
h 5 d  
6 5 6  
65D 
65C 
65F 
b5(; 
6’IH 
6 5 J  
b5K 
8 3 Y  
510 
2UC A 
2 0 6  b 
20Ck 
70C H 
2 0 6  J 
20CK 
2 0 c  L 
20CI’ 
2 0 6 0  
20: s 
2 0 c u  
2 0 c  v 
2 0 6  k 
2 o c  x 
2 0 c  Y 
2ODA 
2ODB 
20DC 
2 0 0 u  
LODE 
2 0 u t  
20DH 
20DK 
Z O U L  
20DM 
20DPi 
7 0 D P  
70A 

70C 
10D 
70t 
7OF 
0 2 6  
6 5 L  

roH 

NCAT 
0 1 5 8 0  
0 1 5 8 1  
0 1 5 8 2  
0 1 5 8 3  
0 1 5 8 4  
O l S H 5  
0 1 5 8 6  
0 1 2 8 7  
D l > 8 8  
0 1 5 8 9  
0 1590 
0 1 5 9 1  
0 1 - 1 9 2  
0 1 > 9 3  
0 15<14 
0 151)5 
0 1 5 9 6  
0 1 59 7 
0 1 5 9 8  
0 1 5 9 9  
0 1 6 0 0  
0 1 6 0 1  
0 1 6 0 8  
0 1 6 1 3  
0 1 6 1 6  
0 1 6 1 7  
O l h 1 8  
0 1 6 2 0  
016121 
0 1 6 2 4  
0 1 b 7 5  
0 l b 3 3  
0 1 6 3 4  
0 1 6 3 5  
0 1  1 2 6  
0 1  7 2 9  
” ‘ 38 
0 1 1 3 9  
0 1  1 1 7  
0 1 7 7 8  
0 1  1 1 9  
0 1 d o 4  
0 1 8 0 5  
0 1 H06 
0 1 8 0 7  
0 1 8 0 8  
O l d 1 4  
O l e 1 5  
0 1 H 4 1  
0 l r i 4 2  
0 1 8 4 3  
O l d 4 4  
0 1 H 6 3  
0 1 H64 
( I  1 t%h5 
0 1 e 6 8  
C; 1 8 6 7  
O l H 7 0  
0 1 P 7 1  
O l t l 7 2  
0 1 8 7 3  
0 1 8 7 4  
0 1 H 7 5  
0 1 8 7 6  
0 1 8 1 1  
0 1 8 7 8  
0 1 9 0 2  
0 1 ‘i 0 6 
01107 
0 1 7 3 1  
O l Y 3 2  
0 1 9 3 3  
0 1 7 3 4  
0 1 ‘ ? 3 5  
01‘136 
0 I 9 3  7 
0 1 9 3 8  
0 1‘34 1 
0 1 9 4 4  
0 1 9 4 8  
0 1 9 4 9  
01350  
0 1 9 5 1  
0 1 3 5 2  
0 1 3 5 3  
0 1 3 6 7  
0 1 9 8 2  

,-I I 7 

Y65 9 6 8  
9 6 5  3 8 8  
9 6 5  98C 
3 6 5  Y H I )  
9 6 5  1 0 1 4  

9 6 5 1 0 5 A  
9 6 5 1 0 5 B  
9 6 >  106A 
Y 6 5 10 (1 B 
9 6 5  lO8A 
9 6 2 1 0 Y A  
9 6 5  l O 9 H  
9 6 > 1 1 2 A  
9 6 5 1 1 2 s  
9 6 5 1 0 8 H  
365112C 
9 6 5 1 1 2 0  
‘ I65  11 2b 
9 6 5  112: 

9 6 5 1 1 2 H  
9 6 5 1 1 2 J  
9 6 2 1  12K 
Y 6 5  108C 
9 6 5  1 1 2 L  
9 6 5 1 1 2 Y  
9 6 3  I 2 E  
9 6 5  72F 
3 6 5  12Y 
9 6 5  01C 
9 6 5  011) 
9 6 5  12P 
9 6 5  1 2 4  
9 6 5  96C 
9 6 5  0 8 0  
9 6 5  98E 
9 6 5  9 8 F  
9 6 6  04A 
9 6 6  0 4 8  
9 6 5  9 8 s  
9 6 6  05A 
9 6 6  0 5 0  
9 6 5  300 
9 6 6  08A 

9 6 5 1 0 1 ~  

9 6 5 1 1 2 ,  

U 2 1 6 7  
02 163  
0 2 1 6 9  
0 2  1 I 2  
0 2  1 7 3  
0 2  1 7 4  
0 2  I 7 6  
0 2 1  1 I 
0 2 1  I d  
0 2 1  79 

0 1 1 8 2  
0 2 1 8 3  
0 2 1 8 4  
0 2 1 Y 5  
0 2 2 0 0  
0 2 2 0 1  
0 2 2 0 2  
0 2 2 0 3  
0 2 2 0 4  
0 2 2 0 5  
0 2 2 0 6  
0 2 / 0 1  
0 2 2 0 8  
0 2 3 0 9  
0 2 2 1 5  
0 2 2  16 
0 2 2 1 7  
0 2 2 1 8  
0 2 2 1 9  
0 2 2 2 0  
0 2 2 2 1  
0 2 2 2 2  
0 2 ? 2 3  
0 2 2 2 4  
0 2 2 2 5  
0 2 2 2 6  

n z i t i o  

0 2 2 5 3  
0 2 2 5 4  

IDENT 
9 6 6  0 8 8  
9 6 5  4 7 J  
9 6 5  32C 
9 6 5  96D 
9 6 6  09A 
9 6 6  1 1 4  
3 6 6  0 9 0  
3 6 6  09C 
9 6 1  2 8 t  
9 b 5  320 
3 6 5  93C 
9 6 6  13A 
7 6 6  138 
Y66 13C 
9 6 6  13D 
9 6 6  13E 
9 6 6  13F 
9 6 6  08C 
Y 6 5 I O  9 C 
3 6 5  93D 
9 6 6  164, 
9 6 5  98H 
9 6 6  1 6 0  
9 6 3  3 8 F  
9 6 5  8 4 t  
9 6 6  19A 
9 6 6  O B [ )  
9 6 6  2 4 4  
266 2 4 8  
Y 6 6  25A 
9 6 6  2 5 ?  
9 6 6  2 5 -  
1 6 6  2 5 3  
9 6 6  2 6 4  
3 6 6  2 6 3  
9 6 6  05: 
9tJ6 0 5 3  
9 6 6  3 1 4  
9 6 6  3 1 H  
9 6 6  +IC 
Obb 34A 
9 6 6  35A 
9 6 6  3bA 
9 6 >  ‘18J 
9 6 6  O 0 r  
9 6 6  3 6 d  
966 13G 
9 6 6  2 6 6  
Y ~ ( J  340 
9 6 6  3 8 A  
9bti 381) 
766 398 
1 6 6  40A 
9 6 6  4 0 6  
9 h h  41A 
9 h 6  26D 
‘166 26E 
9 b 6  76t 
966  4 1 8  
366  4 3 4  
1 6 6  44A 
9 6 6  44H 
9 6 6  4 9 4  
9 6 b  51A 
9 6 h  

52: 9 6 6  51, 
96‘) Z O t k  
9 6 5  2 0 L L  
9 6 6  51 t i  
9 6 6  52H 
9 6 h  5 3 4  
966  34c 
9 6 6  34D 
9 6 6  5 3 8  
9 6 6  53C 
9 6 6  53D 
9 6 h  53E 
3 6 6  53F 
9 6 6  53G 
‘966 5 3 H  
9 6 b  5 3 J  
9 6 6  16: 
9 6 6  I 6 D  

. 9 6 b  41C 
96bLO9U 

, 9 6 6  56A 
1966 5 7 4  

NCAT 
0 2 2 5 5  
0 2 2 5 6  
0 2 2 5 7  
0 2 2 5 8  
0 2 2 5 9  
0 2 2 6 0  
0 2 2 6 2  
0 2 2 6 3  
0 2 2 9 0  
0 2 2 9 3  
0 2 2 9 5  
0 2 2 9 6  
0 2 3 7 4  
0 2 3 2 7  
0 1 3 2 8  
0 2  3 2 9  
0 2 3 3 4  
0 2 3 3 5  
C 2 3 3 6  
0 2 3 3 7  
0 2 3 3 8  
0 2  3 3Y 
0 2 3 4 8  
0 2  3 5 1  
U ?  3 5 3  
0 2 3 5 4  
0 2 3 5 5  

0 2  35 I 

0 L  3 2 9  
0 2  36U 
0 L  361  
0 2  3b2 
O? 363 
0 )  364 
c j 2 3 6 5  
0 2  3 6 6  
0 2 3 6 7  
0 2 3 6 8  
( 1 2  3 6 9  
0 2 3 7 1  
0 2  372 
( ‘ 2 3 1 3  
0 2  3 14 
U L  3 75 
0 2 3 7 6  
0 2 3 7 7  
O I  378 

0 1  380 
( ~ 2 3 8 1  
0 2  382 
U2 3 8 9  
ut! 3 9  1 
U L  3 9 2  
0 2  393 

n1 3 5 6  

0 7  3 5 8  

(11 3 73 

1966 6 b t  
1366 66F 
l 0 6 b  66G 
1 ‘163  1 4 J  
1363 14K 
1 9 6 3  14L 
1 9 6 )  14Y 
1363 14’4 
1 3 6 3  1 4 P  
i - i o j  i 4 1 ~  
1 9 6 3  14?  
1 9 6 )  1 4 5  
1 9 6 b  68A ;::; #, 
1 Y t J j  
1 ) 6 3  14V 
1 9 6 3  1 4 k  
I 9 6 6  6 9 4  
l Y 6 3  14X 
1’163 14Y 
l Y 6 j  14L 
1‘963 14AA 
l ’ ? 6 +  144H 
1 9 6 6  66H 
1966 10A 
1 3 6 b  1 1 4  



INDEPENDENT TRACKING COORDINATION e 024 bnmcticut Avenut, 
Washington, D. C. 20006 

B U L L E T I N  u 
August 25, 1966 

CURRENT SPACE JUNK LIST 

To keep "space junk" data from displacing potentially useful information, current gear ratio 
elements on the objects listed below are being routinely eliminated from the Independent Track- 
ing Coordination Program's Airmail Announcement Services. Specific objects of interest will 
be deleted from the l i s t  and thus reinstated upon request to this office. Such request should in- 
dicate the observer's basis for h is  belief that he will be able to secure observation. 

0 0 0 5 1  
0 0 0 5 2  
0 0 0 6 9  
0 0 0 7 4  
0 0 0 7 5  
0 0 0 8 5  
00 10 1 
00105  
0 0 1 1 5  
0 0 1 1 8  
0 0 1 1 9  

@E; 
0 0 1 2 3  
0 0  1 2 4  
0 0 1 2 5  
0 0 1 2 6  
0 0 1 2 7  
0 0 1 2 8  
0 0 1 2 9  
0 0 1 3 0  
0 0 1 3 1  
00  1 3 2  
0 0 1 3 3  
0 0 1 3 4  
00 1 3 5  
0 0 1 3 6  
ovp37 
0 0 1 3 8  
00 1 3 9  
0 0 1 4 1  
0 0 1 4 2  
0 0 1 4 4  
0 0 1 4 5  
0 0 1 4 6  
0 0 1 4 7  
0 0 1 4 8  
00 149 
0 0 1 5 0  
00151 
0 0 1 5 2  

OG 1 5 6  
0 0 1 5 7  
0 0 1 5 8  
0 0  1 5 9  
0 0 1 6 1  
0 0 1 6 6  
0 0 1 6 7  
0 0 1 7 2  
0 0 1 7 5  
0 0  176  
0 0 1 7 7  
O C  1 7 8  
00  1 7 9  
0 0 1 8 8  
00  194  
0 0 1 9 5  
0 0 1 9 6  
00210 
0 0 2 1 1  
0 0 2 1 2  
0 0 2 1 6  
0 0 2 2 3  
0 0 2 2 4  
0 0 2 2 5  
0 0 2 2 8  
0 0 2 2 9  
0 0 2 3 0  
0 0 2 3 2  
0 0 2 3 3  
0 0 2 3 4  
0 0 2 3 5  
0 0 2 3 6  
0 0 2 3 7  
0 0 2 3 8  
0 0 2 3 9  
0 0 2 4 3  
0 0 2 4 4  
0 0 2 4 5  
0 0 2 4 6  
0 0 2 5 0  
0 0 2 5 2  
0 0 2 5 3  
0 0 2 5 4  
0 0 2 6 0  
0 0 2 6 1  

JUNK LIST AS OF JNL = 39347.0 (August 10, 1966) 

00262 
0 0 2 6 3  
0 0 2 6 4  
0 0 2 6 5  
0 0 2 6 8  
0 0 2 7 5  
0 0 2 9 9  
0 0 3 0 0  
0 0 3 0 1  
0 0 3 1 2  
0 0 3 1 3  
0 0 3 1 7  
0 0 3 1 8  
0 0 3 1 9  
0 0 3 2 0  
0 0 3 2 1  
0 0 3 2 2  
0 0 3 2 3  
0 0 3 2 4  
00 32 5 
0 0 3 2 6  
0 0 3 2 7  
0 0 3 2 8  
0 0 3 2 9  
0 0 3 3 0  
0 0 3 3 1  
0 0 3 3 2  
0 0 3 3 3  
0 0 3 3 4  
2 9 3 3 5  
0 0 3 3 6  
0 0 3 3 7  
0 0 3 5 0  
0 0 3 5 1  
0 0 3 5 2  
0 0 3 5 3  
0 0 3 5 4  
0 0 3 5 5  
0 0 3 5 6  
0 0 3 5 7  
0 0 3 5 8  
0 0 3 9 9  
0 0 4 0 0  
0 0 4 0  1 
0 0 4 0 2  

0 0 4 0 3  
0 0 4 0 4  
0 0 4 0 5  
0 0 4 0 6  
0 0 4 0 7  
0 0 4 0 8  
0 0 4 0 9  
0 0 4 1 0  
0 0 4  11 
0 0 4 1 2  
0 0 4  1 3  
0 0 4 1 4  
0 0 4 1 5  
004 16 
0 0 4 1 7  
0 0 4 1 8  
0 0 4 1 9  
0 0 4 2 0  
0 0 4 2 1  
0 0 4 6 1  
0 0 4 6 2  
0 0 4 6 3  
0 0 4 6 4  
0 0 4 6 5  
0 0 4 6 6  
0 0 4 6 7  
0 0 4 6 8  
0 0 4 6 9  
0 0 4 7 0  
0 0 4 7 1  
ijiji72 
0 0 4 7 3  
0 0 4 7 4  
0 0 4 7 5  
0 0 4 7 6  
0 0 4 7 7  
0 0 4 7 8  
0 0 4 7 9  
0 0 4 8 0  
0 0 5 0 2  
0 0 5 1 0  
00511 
0 0 5 1 3  
0 0 5 1 4  
0 0 5 1 6  

0 0 5 2 0  
00523  
005  30 
0 0 5 3 1  
0 0 5 3 7  
0 0 5 3 0  
OG53Y 
0 0 5 4 0  
0 0 5 4 1  
0 0 5 4 2  
0 0 5 4 3  
00 5 4 4  
0 0 5 4 5  
0 0 5 4 6  
0 0 5 4 7  
0 0 5 4 8  
0 0 5 4 9  
0 0 5 5 0  
0 0 5 5 1  
00552  
0 0 5 5 6  
00557  
00558  
00559  
00560  
0 0 5 6 1  
0 0 6 0 6  
00607  
00610  
0 0 6 1  1 
00628  
0062Y 
00631  
00643 
0 0 6 4 4  
00645  
00646  
00647 
00648  
0 0 6 4 9  
0 0 6 5 0  
0 0 6 5 1  
00652  
0 0 6 5 3  
0 0 6 5 4  

0 0 6 5 5  
0 0 6 5 6  
0 0 6 5 7  
0 0 6 5 8  
0 0 6 5 9  
0 0 6 6 0  
0 0 6 6 1  
0 0 6 6 2  
0 0 6 7 2  
0 0 6 8 4  
Oti686 
0 0 6 9 2  
0 0 6 9 6  
0 0 6 9 7  
0 0 6 9 8  
0 0 6 9 9  
0 0 7 0 0  
0 0 1 0 1  
0 0  702 
0 0 7 0 6  
0 0 7 1 5  
00  720  
00722  
00  723 
00 724 
0 0 7 2 5  
0 0 7 2 6  
0 0 7 3 2  
0 0 7 3 6  
0 0 7 3 9  
0 0 7 4 1  
f i n742  
0 0 7 4 3  
0 0 7 4 5  
0 0 7 5 0  
0 0 7 5 1  
0 0 7 5 3  
0 0 8 0 5  
0 0 8 0 6  
0 0 8 0 9  
0 0 8 1 5  
0 0 8 3 1  
00832  
0 0 8 4 0  
0 0 8 4 1  

o o a 4 7  
0 0 E 7 3  
0 0 8  74 
0 0 8 7 5  
0 0 8 9 3  

0 0 9 0 1  
00903 
0 0 9 3 4  
O O V 3 5  
0 0 9 3 6  
0 0 3 3  7 
0 0 9 3 9  
0 0 9 4 0  
00941  
0 0 9 5 3  
0 0 4 5 6  
0 0 9 6 0  
0 0 7 6 6  
0 0 9 6 7  
0 0 7 7 6  
0 0 9 7 7  
0 0 9 7 9  
0 0 9 8 8  
01092  
0 1 0 9 9  
0 1 2 8 9  
0 1 3 1 2  
0 1 3 1 3  
0 1  335 
0 1 3 3 6  
0 1 3 3 7  
v i 3 3 2  
0 1 3 3 9  
0 1 3 4 0  
0 1 3 4 1  
0 1 3 4 2  
0 1 3 4 3  
0 1  344  
0 1 3 4 5  
0 1 3 4 6  
0 1 3 4 7  
01 348 
0 1 3 4 9  
0 1 3 5 1  

o o n 9 ~  

C1352 
01 3 5 4  
0 1 3 5 5  
0 1  358 
0 1 3 7 0  
0 1 3 7 1  
0 1 3 7 2  
0 1  313 
(il 376 
E1379 
01 3e9 
01 392 
0139.7 
0 1 3 Y t i  
0 1 3 3 9  
0 1 4 0 2  
0 1 4 1 0  
0 1 4 1 1  
U1416 
0 1 4 3 3  
0 1 4 3 5  

0 1 4 3 9  
0 1 4 4 0  
0 1 4 4 9  
0 1 4 6 1  
0 1 4 6 2  
0 1 4 6 3  
0 1 4 7 3  
0 1 4 7 5  
0 1 4 7 6  
0 1 4 7 7  
0 1 4 7 8  
0 1 4 7 9  
0 1 4 8 0  
0 1 4 8 1  
0 1 6 8 3  
0 1 4 8 4  
0 1 4 8 5  
0 1 4 8 6  
0 1 4 8 7  
0 1 4 8 8  
0 1 4 8 9  
0 1 4 9 1  
0 1 4 9 3  

0 1 4 3 8  

h i e h  of Photographic kid& 8nd Engineers 



01495 
01496 
01497 
0 1499 
01500 
01501 
01520 
01521 
0 1522 
01528 
01529 
01530 
01531 
0 1534 
01537 
0 1538 
01539 
0 1540 
01543 
01544 
01546 
0 1548 
0 1 549 
01550 
01551 
01552 
01554 
01555 
01556 
01557 
01558 
01559 
01561 
01563 
01564 
0 1 565 
0 1566 
01567 
01576 
01577 
01581 
0 1 582 
O l 5 d 3  
0 1570 
01591 
01592 
0 1593 
01 594 
01395 
0 1596 
01597 
01 598 
01599 
01600 
01601 
01608 
01616 
01617 
01618 
01633 
01634 
01635 
01640 
01641 

01642 
01643 
01644 
01645 
01646 
01647 
01648 
01649 
01650 
01651 
01652 
01653 
0 1 654 
01655 
0 1656 
01657 
01658 
0 1659 
01660 
0 166 1 
0 1 h62 
01663 
01664 
01665 
01666 
01667 
O l h h B  
01669 
01670 
01671 
01672 
01673 
01674 
01675 
0 1676 
01677 
01678 
01079 
O l b d O  
01681 
01682 
01684 
01685 
01686 
01687 
01688 
01689 
01690 
01691 
01692 
01693 
01694 
Olb95 
01696 
01697 
01698 
0 1699 
01700 
0 1709 
01710 
01711 
01712 
01713 
01714 

01715 
01716 
01717 
01 718 
01719 
0 1720 
01721 
01722 
01723 
01724 
01725 
01746 
01747 
01748 
01 749 
OL750 
01751 
01752 
01753 
01 154 
0 1755 
01756 
01757 
01758 
01759 
0 1 760 
01 761 
0 1762 
01 763 
01764 
01 r63 
01 166 
01767 
0 1768 
0 1769 
01770 
0 1 do8 
01819 
01820 
01821 
01022 
01823 
01824 
01825 
01827 
01828 
01829 
01830 
01831 
01832 
01833 
01834 
01835 
01836 
01837 
0 1848 
0 1849 
01850 
01851 
01852 
01853 
01855 
01856 
01857 

01858 
01859 
0 1860 

0 1 862 
01871 
01872 
01873 
01874 
01875 
01876 
01877 
01878 
01880 
01881 
01882 
01883 
01884 
01885 
018Rb 
01887 
01888 
01889 
01890 
01891 
01092 
0 1893 
01894 
01895 
01896 
01897 
01898 
01899 
01900 
01906 
0l')OI 
01912 
01913 
01914 
01915 
01916 
0191 7 
01918 
01919 
0 1920 
01921 
0 1922 
01923 
01925 
0 1926 
01927 
01928 
01929 
01930 
01931 
01932 
01933 
01934 
01935 
01936 
01937 
01938 
0 1942 
01943 

01861 

0 1944 
01948 
01951 
01953 
01056 
01957 
01958 
01959 
0 1960 
01961 
01962 
01963 
01964 
01965 
01969 
01970 
01971 
01972 
01973 
01974 
01975 
01976 
01977 
01978 
01379 
01980 
01'981 
01984 
01985 
01986 
01987 

01989 
01990 
01991 
01992 
01993 
01394 
01995 
0 1 3 9  6 
01999 
02004 
02009 
02010 
0201 1 
02013 
02018 
02020 
02021 
02023 
02041 
02042 
02043 
02044 
02045 
02046 
02047 
02048 
02049 
02050 
02051 
02052 
02053 
02054 

oil388 

02079 
02080 
02081 
02082 
02083 
02084 
02085 
02086 
02087 
02088 
02092 
02097 
02098 
02 100 
02101 
02102 
02103 

02140 
02141 
02145 
02153 
02 1 54 
02158 
02161 
02 162 
02167 
02177 

02 179 
02203 
02204 
02208 
02209 
02223 
02224 
02225 
02226 
02256 
02262 
02263 
02329 
02333 
02354 
02335 
02 336 
02337 

02339 
02340 
02353 
02354 
02355 
02356 
02357 
02358 
02359 
02360 
02 36 1 
02362 
02363 
02364 
02365 
02366 

oziia 

021 ra 

02338 

02367 
02371 
02372 
02373 
02374 
02375 
02377 
02378 
02379 
02380 
02 38 1 
02382 
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TABLE OF STANDARD BFUGHTNESS ORDEmD BY NCAT 

Values followed by symbol M are Measured values, normalized to standard viewing 
conditions specified in ITCP Bulletin of September 30, 1965. All others are calcu- 

lated on'the basis of projected area and standard reflectivity. 
POPULARNAME NCAT dbz 
E X P L O W R  1 
VANGUARD 1 
VANGUARD 2 
VANG 2 R 
ROCKET BODY 
VANGUARD 3 
EXPLORER 7 
ROCKET BODY 
T I R O S  1 R 
T I R O S  1 
T R A N S I T  18 
M I O A S  2 
T R A N S I T  2 A  
GREB 
TRANS 2 A  R 
ECHO 1 
ECHO 1 R 
D E B R I S  
COURIER 18 
COUR.1B R 
EXPLORER 8 
ROCKET BODY 
T I R O S  2 
TIROS.2 R 
SAMOS 2 
ROCKET 
E X P L O R E R 1 1  
T R A N S I T  4 A  
I NJUN-SR-3 
T I R O S  3 
M I D A S  3 
T I R O S  3 R 
EXPLORER 12 

=1!,4a TRAAC 1 

T I R O S  4 
ROCKET BODY 
ORB.SOL.OBS. 
0. S.O.1R 
NONE 
A R I E L  1 
A R I E L  1R 
T I R O S  5 
T I R O S  5 R 
TELSTAR 
T E L S  1 R 
NONE 
NONE 
ROCKET 
T I R O S  6 
T I R O S  6 R 
A L  OUE T TE 
ALOUET R 
EXPLORER 14 
NONE 
EXPLORER 15 

18 
ANNA 18 k 
R E L A Y  1 
I N J U N  3 
E X PLORER 1 6 
T R A N S I T  SA 
R E L A Y  1 R 
TRANS SA R 
NONE 
ROCKET. BODY 
D E B R I S  
NONE 
SYNCOM 1 
EXPL. 1 7  
T E L S T A R  2 
NONE 
T E L S T A R  2 R  
NONE 
TRANS A 2  R 
T I R O S  7 
T I R O S  7 R 
NONE 
GED RSCH 

E O N  ROCKET BODY 

SYNCOM 2 
NONE 
ROCKET 
NONE 
NONE 

1 

00004 - 3 O M  
00005 -42 
00011 -30M 
00012 -26H 
00016  -29  
00020 -24M 
00022 -29  
00023 -33  
00028 -26M 
00029  -3OM 
00031 -27 
00043  -16M 
00045 -28M 
00046 -32  
00047 -26M 
00049  0 3  
00050 -28M 
00053  -30M 
00058 -24  
00059  -16H 
00060 -28M 
00062 -33  
00063  -27 
00064  -32M 
00070  -16M 
00082 -26M 
00107 -3OM 
00116 -24M 
00117 -28M 
00162 -3OM 
00163  -14M 
00165 -3OM 
00170  -37 
00192 -16M 
00202 -3OM 
00204  -26M 
00205 -3014 
00226 -27 
00227 -29 
00255  -25 
00257 -26M 
00271  -14M 
00285 -28M 
00288 -2611 
00309  -30H 
00311  -3OM 
00340  -24M 
00341  -22M 
00369  -26M 
00378  -28M 
00308  -2411 
00397 -3011 
00398 - 3 O M  
00424  -28M 
00426 -22M 
00432 -27 
00444  -16M 
00445  -27 
00446  -24M 
00447 -22M 
003ij3 -26W 
00504  -31 
00506  -26M 
00509  -26M 
00515  -24M 
00519  -26M 
00527 -16 
00532 -29  
00533  -32M 
00534  -28M 
00553  -30 
00564  -27 
00573 -27 
00574 - 1 6 M  
00575 -22M 
00579  -41 
00603  -2BM 
00604  -27 
00605 - 2 8 M  
00608 -41  
00612 -26M 
00613  -14M 
00614  -29  

00624  -19  
00625 -29  
00634  -29 
00635 -2OM 
00669  -2OM 
00670 -26M 
00671 -26M 

00622 -16n 

POPULARNAME NCAT dbz 
NONE 
TETRA-2 
POLYOT 1 
EXPLORER 18 
CENTAUR 2 
ROCKET 
NONE 
NONE 
EXPLORER19 
T I R O S  8 
ROCKET BODY 
E X P L  19R 
NONE 
EGRS 
SOLAR RAD 
ROCKET 
R E L A Y  2 
ROCKET BODY 
ECHO 2 
ECHO 2 R 
ELEKTRON 1 
ELEKTR.2 
NONE 
A R I E L  2 
ROCKET BODY 
NONE 
NONE 
NONE 
E L E K T R  3 
ELEKTR.4 
NONE 
NONE 
TRS I 1  
SYNCOM 3 
ROCKET BODY 
EXPLORER20 
EXPL.20 R 
N I M B U S  1 
COSMOS 44 
COS 44 R 
ROCKET BODY 
OGO I 
E XPL.21 
D E B R I S  
NONE 
EXPL.22 
NONE 
E X P L  2 2  R 
NONE 
EXPLORER23 
EXPLORER24 
E X P L O R E R 2 5  
E X P L  25  R 
D E B R I S  
D E B R I S  
NONE 
NONE 
EXPL.26 
NONE 
NONE 
T I R O S  9 
T I R O S  9 R 
T I H i i i  9 D 
COSMOS 5 3  
0.5.0.2 
O S 0  2 R 
0.5.0.2 R 
T I T A N  3 
NONE 
NONE 
PEGASUS 1 
COMMD. MOD 
COSMOS 58 
COSMOS 58 
COS 58 R 
EGRS 3 
ROCKET 
GRV.GRD.2 
ROCKET 
D E B R I S  
COSMOS 62 
GREB 1 
NONE 
SOLAR RAD2 
GR-GRO .3 
SNAP SHOT 
EGRS 4 
D E B R I S  
EARLY B I R D  
ROCKET BOOY 
EXPLORER27 

00674  
00675 
00683  
00693  
00694 
00703  
00704 
00705 
00714  
00716 
00717 
00721 
00727 
00729  
00730 
00733 
00737 
00738 
00740 
00741 
00746 
00748 
00759  
00771  
00775 
0080 1 
00812 
00824  
00829  
00830 
00836 
00837 
00838 
00858 
00062 
00870 
00871 
00072 
00876 
00877 
00878 
00879 
00889 
00893 
00897 
00899 
00900 
00907 
00922 
00924 
00931 
00932 
00933 
00953 
00953 
00959 
00959 
00963 
00965 
00973 
00978 
00979 
00979 
22303 
00987 
00988 
00988 
0 1000 
01001 
0 1002 
01085 
01088 
01097 
01097 
01098 
01208 
01228 
01244  
01245 
01248 
01268 
01271  
01273  
01291  
01292 
01314  
01315 
01316  
01317 
01318 
01328 

-16 
-40 
-22M 
-29  
- 1 2 M  
-24M 
-28H 
-28M 
-12M 
-3OM 
-29  
-24M 
-24M 
-37 
-26M 
-14M 
-26U 
-2 9 

06 
-2OM 
-2OM 
-17 
-24M 
-26M 
-28  
-26M 
-16 
-16 
-2OM 
-1 7 
-16 
-2 6 
-42 
-3 1 
-29 
-28M 

-2 1 

-22M 
-17 
-25  
-29  
-16M 
-3OM 
-35 
-32M 
-24M 
-16M 
-32H 
- 1 2 M  
-28M 
-16M 
- 2 O M  
- 2 O M  
-30M 
- 3 O M  
-29  
-26M 
-16  
-3OM 
-3OM 
-3014 
-22M -z*i.'1 
-24M 
-24M 

-14M 
- 3 0 H  
-04M 

-2OM 
-20M 
-2OM 
-36  
- 1 8 M  
-32M 
-20M 
- 2 O M  
-24M 
-28M 
-16 
-28M 
-32M 
-14M 
-36  
-28M 
-29  
-29 
-28M 

-28n 

-24n 

-22n 

- ion  

POPULAR NAME 
EXPL.27 R 
T I T A N  3 
R.C.S. 
NONE 
ROCKET 
PEGASUS PEG 2 R 2 

I M P  C 
NONE 
NONE 
ROCKET 
T I R O S  LO 
COSMOS 7 0  
ROCKET BODY 
COSMOS 71 
COSMOS 75 
NONE 
COS 71-7511 
NONE 
PEGASUS 3 
PEGASUS 3 R  
ROCKET 
EGRS 5 
ROCKET BODY 
NONE 
COS 8 0 - 8 4 R  
NONE 
COSMOS 86 
COSMOS 8 7  
COSMOS 89 
COSMOS 9 0  
COS 86-90R 
NONE 
OGO C 
ROCKET BODY 
GEOS A 
ROCKET BODY 
E X P L  30  
EXPL. 30 R 
COSMOS 97 
FR. A-1 
COS 97 R 
ALOUETTE 2 
FR. A-1R 
EXPL. 31 
ROCKET 
FR. 1 
FR 1R 
P I O N E E R  6R 

ROCKET 
COSMOS 101 

T I T A N  3C 
COS 103 R 
COSMOS 106  

A L T A I R  RKT 
ESSA-1 
ESSA-1R 
NONE 
COSM. 108 
0- 1A 
D I  APSSON 
D- 1 AR 
D I A P S S O N  R 

OV1-5  
A L T A I R  RKT 
ROCKET 
OAO-A1 
OAO-AIR 
OV3-1  
COSMOS 116 
COS.116 R 
COSMOS 118 
COS 110 R 
N I M B U S  2 
N I M B U S  2R 
A L T A I R  RKT 
EXPL. 32 
EXPL. 32R 
OGO 3 
ROCKET 
T I T A N  3C 
PAGEOS- 1 
PAGEOS-1R 
COSM. 122R 
PROTON 3 R 
o v - 8  

ROCKET 

::?:I; RKT 

NCAT dbz 
01358 -2614 
01359  -14M 
01361 -22M 
01377 -24M 
01378 -26M 
01381 -04M 
01385 - 1 O M  
0 1 3 8 8  -42  

01422 -28M 
01425 -28M 
01430 -3OH 
01431  -23 
01432 -14  
01441 -28M 
01445 -3OM 
01447 -16 
01448 - 1 8 M  
01459  -26 
01467 -0411 
01468 -1OM 
01472 -28M 
01506 -31  
01508 -18 
01510  -22M 
01575  - 1 8 M  
01580  -27  
01584  -24M 
01585  -24M 
01587 -24M 
01588  -22M 
01589  - 1 8 M  
01613  -14M 
01620  -23  
01625 -17 
01726  -26 
01729  -28 
01738  -31 
01739  -28M 
01777 -24  
01778  -32 
01779  -14M 
01804  -2OM 
01805  -25  
01806 -31 
01807 -20M 
01814  -28  
01815  -28 
01842  -22M 
01844  -14  
01846 -24  
01863  -12  
01869  -2OM 
01949  -24M 
01950 -14  
01953  -29 
01982 -29  
01983  -29  

02002 -24  
02016 -37 
02016  -26M 
02017 -25 
02017 -24M 
02091  -24M 
02120  -29  
02122  -28M 
DZlf? -2Q 
02129  -28R 
02142  -17 
02144  -17 
02150 -28 
02152  -26M 
02159  -18M 
02168  -24M 
02169  -16M 
02173  -21 
02174  -18 
02180 -28  
02183  -28  
02184  -28 
02195 -25 
02200 -18 
02222 -15 
02253  -03  
02255 -18  
02257 - 1 4  
02293  -061 
02324 -201 
02328 -241 

01420 -24n 

01997 -22n 
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TABLE OF STANDARD BRIGHTNESS ORDEReD BY BRIGHTNESS 

Values followed by symbol M are Measured values, normalized to standard Viewing 
conditions specified in ITCP Bulletin of September 30, 1965. All others are CalCU- 

lated on the basis of projected area and standard reflectivity. 
POPULARNAME NCAT dbz 
ECHO 2 

PAGEOS- 1 
PEGASUS 1 
PEGASUS 2 
PEGASUS 3 
PROTON 3 R 
COMMO. MOO 
PEG 2 R 
PEGASUS 3R 
CENTAUR 2 
EXPLORER 1 9 
E XPLORE R 2  4 
T I T A N  3C 
M I O A S  3 
NONE 
NONE 
ROCKET 
NONE 

N A P  SHOT 5 I T A N  3 
ROCKET 8OOY 
NONE 
COS 91 R 

ROCKET 
ROCK T 

fO$. I AN 3 1 2 2 R  

M I O A S  2 
COUR-18 R 
SAMOS 2 
MIOAS 4 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
D E B R I S  
NONE 
E X P L  25 R 
NONE 
NQNE 
NONE 
COS 118 R 
ELEKTR. 2 
ELEKTR.4 
ROCKET BODY 
ROCKET BODY 
O A O - A 1  
OAO-A1R 
ROCKET 
COS 71-75R 
ROCKET BODY 
COS B O - W R  
COS 86-9011 
COS.116 R 
N I M B U S  2R 
ROCKET 
PAGEOS-1R 
BALLOON 
NONE 
ROCKET 
ECHO 2 R 
ELEKTRON 1 
E L E K T R  3 
O E B R I S  
O E B R I S  
COSMOS 58 
COSMOS 58 
COS 58 R 
ROCKET 
O E B R I S  
ALOUETTE 2 
ROCKET 
COS 103 R 
ov-8 
N I M B U S  1 
N I M B U S  2 
T E L S  1 R 
ALOUET R 
ANNA 18 R 
T E  L S T A R .2 R 
POLYOT 1 
COS 4 4  R 
COSMOS 53 
T I T A N  3 

NONE 

E c n o  i 

R.C.S. 

00740 0 6  
00049 03 
02253 -03 
01085 -04M 
01381 -04M 
01467 -04M 
02293 -06M 
01088 -1OM 
01385 - 1 O M  
01468 - 1 O M  
00694 -12M 
00714 - 1 2 M  
00931 - 1 2 M  
01863 -12 
00163 -14M 
00271 -14M 
00613 -14M 
00733 -14M 
01001 -14M 
01314 -14M 
01359 -14M 
01432  -14 
01613 -14M 
01779 -14M 
01844 -14 
01950 -14 
02257 -14 
02222 -15 
00043 -16M 
00059 -16M 
00070 -16M 
00192 -16M 
00444  -16M 
00527 -16 
00574 -16M 
00622 -16M 
00674 -16 
00812 -16 
00824 -16 
00836 -16 
00893 -16M 
00922 -16M 
00933 -16M 
00973 -16 
01273 -16 
01447 -16 
02169 -16M 
00748 -17  
00830 -17 
00878 -17 
01625 -17 

02144 -17 
01228 -Len 
01448 -18M 
01508 -18  
01575 -18M 
01589 -18M 

02174 -18 
02200 -18  
02255 -18  

02142 -17 

02159 - i a n  

00624 -19 
00635 -2OM 
00669 - 2 O M  
00741 - 2 O M  
00746 - 2 O M  
00829 -20M 
00953 - 2 O M  
00953 -20M 
01097 -20M 
01097 - 2 O M  
01098 -2OM 
01245 -2OM 
01248 -2OM 
01804 - 2 O M  
01807 - 2 O M  
01869 - 2 O M  
02324 - 2 O M  
00072 -21  
0 2 1 7 3  -21 
00341 -22M 
00426 -22M 
00447 -22M 
00575 -22M 
00683 -22M 
00983 -22M 
01000 -22M 
00877 -2214 

01361 -2214 
01510 -22n 

POPULAR NAME NCAT dbz 
COSMOS 90 
P I O N E E R  6R 
NONE 
COSMOS 70 
OGO C 
VANGUARD 3 
COURIER 18 
T R A N S I T  4 A  
TE L STAR 
ROCKET 
ANNA 18 
R E L A Y  1 R 
ROCKET 
E X P L  19R 
NONE 
NONE 
COSMOS 4 4  
E X P L  22  R 
o.s.0.2 
OS0 2 R 
O.S.0 .2  R 
COSMOS 6 2  
NONE 
NONE 
COSMOS 86 
COSMOS 87 
COSMOS 89  
COSMOS 97 cosnos 101 
COSMOS 106 

D I A P S S O N  R 
ESSA 2 
COSMOS 118 

cow.  108 

ORB.SOL.08 
OGO I 
FR. A-1R 
0-LAR 
OGO 3 
VANG 2 R 
T I R O S  1 R 
TRANS 2 A  R 
ROCKET 
TRANS 4 8  R 

A R I E L  1R 
NONE 
R E L A Y  1 
E XPLORER 16 
T R A N S I T  SA 
TRANS S A  R 
CEO RSCH 
NONE 
NONE 
SOLAR RAD 
R E L A Y  2 
A R I E L  2 
NONE 
NONE 
NONE 
EXPL.27 R 
ROCKET 
NONE 
GEOS A 
D I A P S S O N  
COSMOS 116  
T R A N S I T  18 
T I R O S  2 
T I R O S  4 
EXPLORER 1 
EXPLORER 1 
EXPL.17 
TECSTAR 2 
T I R O S  7 
NONE 
T R A N S I T  2 A  
ECHO 1 R 
EXPLORER 8 
INJUN-SR-3 
A R I E L  1 
NONE 
ALOUETTE 
NONE 
TRANS A 2  R 

NONE 
NONE 
ROCKET BOD 
EXPLORER20 
EXPL.20 R 

0. S.O.1R 

TIROS 7 R 

01588 -22M 
01842 -22M 
01997 -22M 
01431 -23 
01620 -23 
00020 -24M 
00058 -24 
00116 -24M 
00340 -24M 

00703  -24M 
00721 -24M 
00727 -24M 
00759 -24M 
00076 -24M 
00907 -24M 

00988 -24M 
00908 -24H 
01268 -24M 
01377 -24M 
01420 -24M 
01584  -24M 
01585 -24M 
01587 -24M 
01777 -24 
01846 -24 
01949 -24M 
02002 -24 

02091 -24U 
02168 -24M 
02328 -24M 

S.1 00255 -25 

01805 -25 
02017 -25 
02195 -25 
00012 -26n 
00028 - 2 6 M  
00047 -26M 
00082 -26U 
00204 -26M 

00987 -24n 

02017 .-24n 

00879 -25 

00257 -26n 
00288 -26n 
00369 -26n 
00503 -26M' 
00506 -26M 
00509 -26M 
00519 -26M 
00612 -26M 
00670 -2.6M 
00671 -26M 
00730 -26M 
00737 -26n 
00771 -261-1 
00801 -26n 
00837 -26 
00965 -26M 
01358 -26M 
01378 -26M 
01459 -26 
01726 -26  
02016 -26M 
02152 -2611 
00031 -27 
00063  -27 
00226 -27 

4 00432  -27 
5 00445 -27 

00564  -27 
00573  -27 
00604  -27 
01580 -27 
00045  -28M 
00050  -28M 

00285  -28M 
00378 -28M 
00424  -20M 
00534  -28M 
00603  -28M 

00060 -ZBH 
00117 -2814 

00605 -2an 
00704 -2814 
00705 -28n 

00870 -2814 
00871 -2814 

Y 00175 -28 

POPULARNAME NCAT dbz 1 

EXPLORER25 
GREB 1 
SOLAR R A D 2  
O E B R I S  
E XPLORER27 
NONE 
ROCKET 
COSMOS 71 
ROCKET 
ROCKET BOOY 
EXPL. 30 R 
FR. 1 
F R  1R 
OV1-5  
ROCKET 
O V 3 - 1  
A L T A I R  RKT 
EXPL. 32 
EXPL. 32R 
ROCKET BODY 
EXPLORER 7 
ROCKET BODY 
ROCKET BODY 
NONE 
ROCKET BODY 
SYNCOM 2 
EXPLORER 18 
ROCKET BODY 
ROCKET BODY 
ROCKET BODY 
EXPL.21 
EXPL. 2 6  
E A R L Y  BIRD 
ROCKET BODY 
A L T A I R  RKT 
ESSA-1 
E SSA-1R 
A L T A I R  RKT 
A L T A I R  RKT 
EXPLORER 1 
VANGUARD 2 
T I R O S  1 
O E B R I S  
E X P L O R E R 1 1  
T I R O S  3 
T I R O S  3 R 
T R A N S I T  4 8  
TRAAC 1 
T I R O S  5 
T I R O S  5 R 
T I R O S  6 
T I R O S  6 R 
SYNCOM 1 
T I R O S  8 
NONE 
NONE 
NONE 
T I R O S  9 
T I R O S  9 R 
TIROS 9 R 
NONE 
T I R O S  10 
COSMOS 75 
I N J U N  3 
SYNCOM 3 
EGRS 5 
E X P L  30 
EXPL. 3 1  
GREB 
TIROS.2 R 
DEBRIS  
NONE 
E XPLORERZ 3 
GRV.GRD.2 
GR-GRO - 3  
FR. A - 1  
ROCKET BODY 
ROCKET BOOY 
EXPL.22 
EGRS 3 
EGRS 4 
EXPLORER 12 
EGRS 
D-1A 
TETRA-2 
NONE 
NONE 
VANGUARD 1 
T R S  11. 
I M P  c 

00932 -28M 
01271 -28M 
01291 -28M 
01316 -28M 
01328 -28M 
01422 -28M 
01425 - 2 8 M  
01441 -28M 
01472 -28M 
01729 -28 
01739  -28M 
01814  -28 
01815 -28 
02122 -28M 
02129 -28M 
02150 -28 
02180 -20 
02183 -28 
02184 -28 ' 
00016 -29 
00022 -29 
00227 -29 
00532 -29 
00614  -29 
00625 -29 
00634  -29 
00693 -29 
00717 -29 
00738 -29 
00862 -29 
00889  -29 
00963 -29 , 
01317 -29 
0 1 3 1 8  -29 
01953 -29 
01982 -29 
01983 -29 

wJ@ 00011 M M 

00029 - 3 O M  
00053 - 3 O M  
00107 - 3 O M  
00162 - 3 0 M  
00165  - 3 O M  
00202 -3OM 
00205 - 3 0 M  
00309 -30M 
00311  -30M 
00397  -30M 
00398  - 3 O M  1 
00553 -30 
00716 - 3 O M  
00897 -3OM 
00959  - 3 O M  
00959  -3OM 
00978  -3OM 
00979  -3OM 
00979  - 3 O M  
01002 -3OM 
01430  - 3 O M  
01445  -30M 
00504 -31 
00858  -31 
01506 -31  
01738  -31 
01806 -31  
00046 -32 
00064  -32M 
00533 -32M 
00900 -32M 1 
00924  -32M 
01244  -32M 
01292 -32M 
01778  -32 
00023 -33  
00062 - 3 3  
00899  -35 
01208 -36  
01315  -36 
00170  -37 
00729  &37 
02016 -37 
00675  -40 
00579  -41 

00005 

01388  
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